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Chapter 1: Introduction

The JMSL Numerical Library Chart Programmer’s Guideis an overview and
discussion of the IMSL charting package. It isintended to be used in conjunction
with the online Javadoc-generated Reference Manual (seehtt p: //

wWww. vni . com products/jnsl/api/cominsl/chart/package-
summary. ht m ).

This guide is both an introductory tutorial on the charting package and a “ cook-
book” for creating common chart types. The Reference Manual contains the
complete details of the classes.

NOTE: Chartsinthe printed version of this manual appear in black and white. If
you are reading this manual in print and wish to see the chartsin color, please open
the Acrobat Reader file:

/manual/chartpg
If you do not have Acrobat Reader installed on your machine, you can download it
for free at:

http://ww. adobe. conl product s/ acr obat/ r eadst ep2. ht
Or you may also view the Guide in color from our Web site at:

http://ww. vni . com products/jnsl/chartpg/index. ht m

Overview

The IMSL chart package is designed to allow the creation of highly customizable
chartsusing Java. A IMSL chart is created by assembling ChartNodes into a tree.
This chart tree is then rendered to the screen or printer.

Thefollowing classisasimple example of the use of the IMSL chart package. The
chart is displayed in a Swing frame. The code to create the chart is all in the con-
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structor. The IM SL class JFrameChart extends the Swing class JFrame and creates
a Chart object.

-8l - (o) =]

File Help

9.00 ]
2.00 —:
7.00 —:
6.00 —:
5.00 —:
4.00 —:

3.00 7

Al = e e e e e e e e ]
0.00 0.50 1.00 1.50 2.00 2.50 3.00

i mport cominsl.chart.*;
public class Introl extends JFrameChart {

public Introl() {
Chart chart = getChart();
Axi sXY axis new Axi sXY(chart);
double y[] = {4, 2, 3, 9};
new Data(axis, Yy);

}

public static void main(String argv[]) {
new I ntrol().setVisible(true);

}
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The above exampl e created and assembl ed three nodesinto the following tree. The
root Chart node is created by the JFrameChart class.

Chart
AxisXY
Data

The general pattern of the ChartNode class, and classes derived from it, isto have
constructors whose first argument is the parent ChartNode of the ChartNode being
created.

The root node of the treeis always a Chart object. It is usually constructed within
JFrameChart or JPanelChart, which handle the repainting of the chart within
Swing. If aChart object is explicitly created, and used within a Swing GUI, then
itspai nt (Graphi cs) method must be called from the container’s

pai nt ( Graphi cs) or pai nt Conponent ( Gr aphi ¢cs) methods.

Chart nodes can contain attributes, such as FillColor and LineWidth. Attributes are
inherited viathe chart tree. For example, when a Datanode is being painted, its
LineWidth attribute determinesthe thickness of theline. If thisattributeissetin the
datanode being drawn, that is the value used. If it is not set, then its parent node
(an AxisXY node in the above example) is queried. If it is not set there, then its
parent isqueried. Thiscontinues until the root nodeisreached after which adefault
valueis used. Note that this inheritance is not the same as Java class inheritance.

Attributes are set using setter methods, such as set Li neW dt h( doubl e) and
retrieved using getter methods, such asget Li neW dt h(doubl e) .
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Implicitly Created Nodes

Some chart nodes automatically create additional nodes, as their children, when
they are created. These nodes can be accessed viaget methods. For example, the
code

chart. get Background().setFill Col or(java. awt. Col or. green);

changes the background color. The method get Backgr ound retrievesthe Back-
ground node from the chart object and the method set Fi | | Col or setsthe
Background object’s FillColor attribute to Col or . gr een.

In the following diagram, the nodes automatically created are shown in light green
(to view in color see the online documentation).
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Method calls can be chained together. For exampl e, the following setsthethickness
of the major tick marks on the y-axis.
axi s. get Axi sX().get Maj orTi ck().setLineWdth(2.0);

where axi s isan Axi sXY object.

A customized version of the above chart can be obtained by changing its construc-
tor as in the following.

[

File Help
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i mport cominsl.chart.*;

public class Intro2 extends JFrameChart ({

public Intro2() {
Chart chart = getChart();
Axi sXY axis = new AxisXY(chart);

double y[] = {4, 2, 3, 9};
new Data(axis, y);

chart. get Background().setFill Col or(java. awt. Col or. green);
axi s. get Axi sX().get Maj orTi ck().setLineWdth(2.0);

}

public static void main(String argv[]) {
new I ntro2().setVisible(true);

}
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Adding a Chart to an Application

For simplicity, most of the examplesin this manual usethe JFr aneChart class.
JFrameChart isuseful for quickly building an application that is achart. The
class JPanel Chart isused to build achart into alarger application. It extends
Swing'sJPanel class and can be used wherever aJPanel can be used. The fol-
lowing code shows a JPanel Chart being created, added to a JFr ane, and
having achart treeaddedtothe JPanel Chart . (Thegenerated chartisvery smilar
to that shown at the beginning of this chapter.)

i mport cominsl.chart.*;

public class Sanpl eJPanel extends javax.sw ng.JFrane {
private JPanel Chart jPanel Chart;

public Sanpl eJPanel () {
this.setSize(500, 500);
j Panel Chart = new JPanel Chart();
get Cont ent Pane() . add(j Panel Chart);

Chart chart j Panel Chart. getChart();
Axi sXY axi s new Axi sXY(chart);
double y[] = {4, 2, 3, 9};

new Data(axis, Yy);

}

public static void main(String argv[]) {
new Sanpl eJPanel (). setVisible(true);
}
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Chapter 2: Charting Types

This chapter describes these IMSL charting types:

“Scatter Plot” on page 10
“LinePlot” on page 14

“Function Plot” on page 22

“Log and SemiL og Plot” on page 26
“Error Bar Plot” on page 30
“High-Low-Close Plot” on page 36
“Candlestick Chart” on page 40
“Pie Chart” on page 44

“Box Plot” on page 46

“Bar Chart” on page 53

“Contour Chart” on page 62
“Histogram” on page 64

“Polar Plot” on page 67

JMSL Charting Programmer’s Guide
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Scatter Plot

This section describes the construction of scatter charts. The markers can be for-
matted using the Marker Attributes (see page 73).

It is also possible to mix lines and markers (see “Mixed Line and Marker Plot” on
page 16).

Simple Scatter Plot

The JFrameChart classis used to create aframe containing a Chart node. The
Chart node istheroot of the tree to which an AxisXY nodeisadded. A Data node
isthen created asthe child of the axisnode. The Datanodeiscreated using an array
of y-values. The x-valuesdefaultto 0, 1, ....

The DataType attribute is set to DATA_TYPE_MARKER to make this a scatter
plot.

Thelook of the markersis controlled by the marker attributes. In this example the
MarkerType attribute is set to MARKER _TYPE _FILLED SQUARE. The
MarkerColor attribute is set to blue (to view plot in color see online
documentation).
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i mport cominsl.chart.*;
i mport java. awt. Col or;

public class Sanpl eSi npl eScatter extends JFranmeChart ({

public Sanpl eSi npl eScatter() {
Chart chart = getChart();
Axi sXY axis = new AxisXY(chart);

doubl e yJ[] {8, 3, 5, 2, 9},;

Data datal = new Data(axis, Yy);

dat al. set Dat aType( Dat a. DATA TYPE_MARKER) ;

dat al. set Mar ker Type( Dat a. MARKER_TYPE_FI LLED SQUARE)
dat al. set Mar ker Col or (Col or. bl ue);

}

public static void main(String argv[]) {
new Sanpl eSi npl eScatter().setVisible(true);

}
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Complex Scatter Plot

This example shows a scatter plot with two data sets. The Data nodes are created
using random y-values generated by Random. The x-values defaultto 0, 1, ....

The axes are labeled by setting the AxisTitle attribute for the x and y axes.

The DataType attributeis set in the axis node. The axis node does not itself usethis
attribute, but from there it isinherited by the child Data hodes.

1.00 7 'S +

0.80

0.00 4.00 8.00 12.00 16.00 20.00
X Axis
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i mport cominsl.chart.*;
i mport java.aw . Col or;
i mport cominsl.stat. Random

public class Sanpl eScatter extends JFranmeChart {

public SanpleScatter() {
Random r = new Randon( 123457);

Chart chart = getChart();

Axi sXY axis = new AxisXY(chart);

axi s. get Axi sX().getAxisTitle().setTitle(“X Axis");
axi s.get Axi sY().getAxisTitle().setTitle(“Y Axis”");
axi s. set Dat aType( Dat a. DATA_TYPE_MARKER) ;

/'l Data set 1

doubl e y1[] = new doubl e[ 20];

for (int k =0; k <yl.length; k++) y1[k] = r.nextDoubl e();
Data datal = new Data(axis, yl);

dat al. set Dat aType( Dat a. DATA_TYPE_MARKER) ;

dat al. set Mar ker Type( Dat a. MARKER_TYPE_FI LLED_ SQUARE) ;

dat al. set Mar ker Col or (Col or. green);

/'l Data set 2

doubl e y2[] = new doubl e[ 15];

for (int k =0; k <y2.length; k++) y2[k] = r.nextDouble();
Data data2 = new Data(axis, y2);

dat a2. set Mar ker Type( Dat a. MARKER_TYPE_PLUS) ;

dat a2. set Mar ker Col or (Col or. bl ue) ;

public static void main(String argv[]) {
new Sanpl eScatter().setVisible(true);
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Line Plot

A line plot consists of points connected by lines. The lines can be formatted using
the Line Attributes (see page 72).

Simple Line Plot
This example shows asimple line plot. The Data node is created using an array of
y-values. The x-valuesdefault to 0, 1, .... The DataType attribute is set to

DATA_TYPE_LINE tomakethisalinechart. Thelook of thelineiscontrolled by
the line attributes. Here the LineColor attribute is set to blue.

9.00 ]
8.00 —:
7.00 _i
6.00 _:
5.00 —:
4.00 _:

3.00

200 ——————F————T—T—T——"——"—1—1
0.00 1.00 2.00 3.00 4.00
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i mport cominsl.chart.*;
i mport java. awt. Col or;

public class Sanpl eSi npl eLi ne extends JFraneChart ({

public Sampl eSi npl eLi ne() {
Chart chart = getChart();
Axi sXY axis = new AxisXY(chart);

doubl e yJ[] {8, 3, 5, 2, 9},;

Data datal = new Data(axis, Yy);

dat al. set Dat aType( Dat a. DATA TYPE_ LI NE)
dat al. set Li neCol or (Col or. bl ue);

}

public static void main(String argv[]) {
new Sanpl eSi npl eLi ne(). setVisible(true);

}
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Mixed Line and Marker Plot

The DataType attribute can be set using “or” syntax to combine types. Inthisexam-
ple,itissetto DATA_TYPE_LINE|DATA_TYPE_MARKER. Thisexampleaso
explicitly sets both the x and they values of the data points. Note that the x values
do not have to be uniformly spaced.

9.00 ]
8.00
7.00 —-
6.00 —
5.00 —
4.00 —

3.00

2.00
1.00 3.00 5.00 7.00 9.00
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i mport cominsl.chart.*;
public class Sanpl eLi neMarker extends JFrameChart {

publ i ¢ Sanpl eLi neMarker () {
Chart chart = getChart();
Axi sXY axis = new AxisXY(chart);

doubl e x[] {1, 3, 4, 5, 9};

doubl e y[] {8, 3, 5, 2, 9};

Data data = new Data(axis, X, Y);

dat a. set Dat aType( Dat a. DATA_TYPE_LI NE | Dat a. DATA TYPE MARKER) ;
dat a. set Li neCol or (“bl ue”);

dat a. set Mar ker Col or (“red”);

dat a. set Mar ker Type( Dat a. MARKER _TYPE_FI LLED SQUARE) ;

public static void main(String argv[]) {
new Sanpl eLi neMar ker (). set Vi si bl e(true);
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Area Plot

Areaplots are similar to line plots, but with the area between the line and arefer-
encelinefilled in. An areaplotiscreated if the DATA_TYPE_FILL bitisoninthe
value of the DataType attribute. The default referenceline is y=0. The location of
the referenceline can be changed from 0 by using set Ref er ence(doubl e) . The
Fill Area Attributes determine how the areaisfilled (see page 75).

Simple Area Plot

This example draws asimple area plot. The default value of the Fill Type attribute
isFILL_TYPE_SOLID. The example setsthe FillColor attribute to blue. So the
area between the line and y=0 is solid blue.

4.00
2.00
0.00 |
-2.00 —
-4.00 —

-6.00

-8.00
0.00 1.00 2.00 3.00 4.00
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i mport cominsl.chart.*;
i mport java. awt. Col or;

public class Sanpl eArea extends JFraneChart {

public Sampl eArea() {
Chart chart = getChart();
Axi sXY axis = new AxisXY(chart);

double y[] = {4, -6, 2, 1, -8};

Data data = new Data(axis, y);

dat a. set Dat aType( Dat a. DATA TYPE_FI LL);
dat a. set Fi | | Col or ( Col or. bl ue);

}

public static void main(String argv[]) {
new Sanpl eArea().setVisible(true);
}
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Painted Area Example

Thisexample shows an areachart filled in with apainted texture. Thetextureiscre-
ated by astatic method Fi | | Pai nt . cr osshat ch.

A second data set is plotted as a set of markers.

The Legend node is painted in this example and has entries for both the filled area
data set and the marker data set.

5.00 b

4.00 & area

® harker

-2.00

-4.00

-5.00

ham 1T VT 71 T T T 1 771
0.00 1.00 2.00 3.00 4.00
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i mport cominsl.chart.*;
i mport java. awt. Col or;

public class Sanpl eAreaPai nt extends JFraneChart {

public Sanpl eAreaPaint () {
Chart chart = getChart();
Axi sXY axis = new AxisXY(chart);
chart. getLegend(). set Pai nt (true);

double y1[] = {4, -6, 2, 1, -8};

Data datal = new Data(axis, yl);
datal.setTitle(“Area”);

dat al. set Dat aType( Dat a. DATA TYPE_FI LL);
datal.setFill Type(Data. Fl LL_TYPE_PAI NT);
datal.setFill Paint(FillPaint.crosshatch
(10,5, Col or.red, Col or.yel l ow));

doubl e y2[] = {5, -3, 6, -7, 2};

Data data2 = new Data(axis, y2);
data2.setTitle(“Marker”);

dat a2. set Dat aType( Dat a. DATA TYPE_MARKER) ;

dat a2. set Mar ker Col or ( Col or. bl ue) ;

dat a2. set Mar ker Type( Dat a. MARKER TYPE_FI LLED_Cl RCLE) ;

public static void main(String argv[]) {
new Sanpl eAr eaPai nt (). set Vi sible(true);

Attribute Reference

The attribute Reference defines the reference line. If its value is a, then the refer-
encelineisy = a. Itsdefault valueis 0.
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Function Plot

A function plot shows the value of afunction f(x) over aninterval [a,b]. The func-
tion must be defined as an implementation of the ChartFunction interface. A Data
node constructor creates aline chart from the function. Thelook of the function is
controlled by the line attributes.

The ChartFunction interface requires that the function name be "f ", that the func-
tion has a single double argument and that it returns a double.

Example

This example plots the sinc function on the interval [-10,10]. The sinc function is
defined to be sin( x)/ ix. In this example, sinc is an anonymous inner class that
implements ChartFunction. Thisisrequired by thefunction Dataconstructor. Inthe
code, the case x=0 is handled specially to avoid returning NaN.
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i mport cominsl.chart.*;
i mport java. awt. Col or;

public class Sanpl eFunction extends JFrameChart ({

public Sanpl eFunction() {
Chart chart = getChart();
Axi sXY axis = new AxisXY(chart);

Chart Functi on sinc = new ChartFunction() {
public double f(double x) {
if (x ==0.0) return 1.0;
return Math.sin(Math. Pl*x) / (Math.Pl*x);

}
i
Data data = new Data(axis, sinc, -10.0, 10.0);
dat a. set Li neCol or ( Col or. bl ue);

}

public static void main(String argv[]) {
new Sanpl eFunction().setVisible(true);

}

Histogram Example

For another example of a ChartFunction, see “Histogram” on page 64.
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Spline Chart

Thisexample showsraw datapoints, as markers, and their fit to a shape preserving
spline. The splineis computed using CsShape found in the IMSL Math package
(which extends Spline). The Char t Spl i ne class wraps the Splineinto a Chart-
Function. This example also enables the Legend.
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i mport cominsl.chart.*;
i mport com i sl . mat h. CsShape;
i mport java.aw . Col or;

public class Sanpl eSpline extends JFraneChart {

publ i c SanpleSpline() {
try {
Chart chart getChart();
Axi sXY axis = new Axi sXY(chart);
chart.getLegend(). setPaint(true);

double x[] = {0, 1, 2, 3, 4, 5, 8, 9, 10};

double y[] = {1.0, 0.8, 2.4, 3.1, 4.5, 5.8, 6.2, 4.9, 3.7};
Dat a dataMarker = new Data(axis, X, Yy);

dat aMar ker.setTitl e(“Data”);

dat aMar ker . set Dat aType( Dat a. DATA_TYPE_MARKER) ;

dat aMar ker . set Mar ker Type( Dat a. MARKER _TYPE_FI LLED Cl RCLE) ;

CsShape spline = new CsShape(x, VY);
Dat a dat aSpl i ne = new Data(axi s, new ChartSpline(spline), O.
dataSpline.setTitle(“Fit");
dat aSpl i ne. set Li neCol or ( Col or. bl ue) ;
} catch (cominsl.|MSLException e) ({
e.printStackTrace();

, 10.);

}
}

public static void main(String argv[]) {
new Sanpl eSpline().setVisible(true);

}
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Log and SemiLog Plot

In asemilog plot the y-axisislogarithmically scaled, while the x-axisis linearly
scaled. In alog-log plot both axes are logarithmically scaled.

SemiLog Plot

In this example data is plotted as lines and markers on a semilog axis.
To set up the y-axis as alogarithmic axis,

e TheTransform attribute is set to TRANSFORM _LOG,

e TheDensity attributeis set to 9. Density isthe number of minor ticks between
major ticks. It is 9 because base 10 is used and the major tick marks are not
counted.

The TextFormat, used by AxisLabel, is changed to use scientific notation (see
“Text Attributes’ on page 79). The default decimal format would result in large
numbers written with many zeros.
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i mport cominsl.chart.*;
i mport java.aw . Col or;

public class Sanpl eSeni Log extends JFraneChart {

publ i ¢ Sanpl eSenm Log() ({
Chart chart = getChart();
Axi sXY axis = new AxisXY(chart);
axi s. get Axi sY().set Transfornm(axi s. TRANSFORM LOG) ;
axi s. get AXi sY().setDensity(9);
axi s. get Axi sY() . set Text For mat (new j ava. t ext . Deci mal For nat (" 0. EQ"));

doubl e y[] = {4e2, 6e6, 2e3, le4d, 8el};

Data data = new Data(axis, Yy);

dat a. set Dat aType( Dat a. DATA_TYPE_LI NE | Dat a. DATA TYPE MARKER) ;
dat a. set Li neCol or (Col or. bl ue);

dat a. set Mar ker Type( Dat a. MARKER _TYPE_FI LLED SQUARE) ;

public static void main(String argv[]) {
new Sanpl eSem Log(). setVisible(true);
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Log-Log Plot

A log-log plot is set up in much the same way as a semilog plot, except that the
changes must be made to both the x-axis and the y-axis. In this example, the
changes are made to the axis node and inherited by both the x and y-axis nodes.
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i mport cominsl.chart.*;
i mport java. awt. Col or;

public class Sanpl eLogLog extends JFraneChart {

public Sanmpl eLogLog() {
Chart chart = getChart();
Axi sXY axis = new AxisXY(chart);
axi s. set Transf or m(axi s. TRANSFORM _LOG) ;
axi s.setDensity(9);
axi s. set Text For mat ( new
j ava.text. Deci mal Format (" 0. EO"));

double x[] = {1el, 1e2, 1e3, 1le4, 1leb};
double y[] = {4e2, 6e6, 2e3, led, 8el};
Data data = new Data(axis, X, VY);
dat a. set Dat aType( Dat a. DATA_TYPE_LI NE
Dat a. DATA_TYPE_MARKER) ;
dat a. set Li neCol or ( Col or. bl ue);
dat a. set Mar ker Type( Dat a. MARKER_TYPE_FI LLED SQUARE)

public static void main(String argv[]) {
new Sanpl eLoglLog().setVisible(true);
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Error Bar Plot

Error bars are used to indicate the estimated error in a measurement. Errors bars
indicate the uncertainty in the x and/or y values.

Vertical Error Bars

Themost common error bar plotisonein whichthe errors areinthey-values. This
exampl e shows such an error bar plot. Note that the values of the low and high
arguments are absolute y values, not relative or percentage values.
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i mport cominsl.chart.*;
i mport java.aw . Col or;
i mport cominsl.stat. Random

public class Sanpl eErrorBar extends JFraneChart {

publ i c Sanpl eErrorBar() {
Random r = new Randon( 123457);

Chart chart get Chart();
Axi sXY axis = new AxisXY(chart);

/!l Generate a random data set, with randomerrors

int n = 20;
doubl e x[] = new doubl e[ n];
doubl e y[] = new doubl e[ n];

doubl e low] = new doubl e[ n];
doubl e high[] = new doubl e[n];

for (int k =0; k <n; k++) {
x[k] = k + 1;
y[ k] = r.next Doubl e();
low k] = y[k] - 0.25*r.next Double();

hi gh[ k] = y[k] + 0.25*r. next Doubl e();
}

ErrorBar data = new ErrorBar(axis, x, y, low, high);

dat a. set Dat aType(dat a. DATA TYPE_ERROR Y | dat a. DATA TYPE_MARKER) ;
dat a. set Mar ker Type( Dat a. MARKER _TYPE_FI LLED Cl RCLE) ;

dat a. set Mar ker Col or ( Col or. red);

public static void main(String argv[]) {
new Sanpl eErrorBar().setVisible(true);
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Horizontal Error Bars

It is also possible to have horizontal error bars, indicating errorsin x, as shown in

this example.
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i mport cominsl.chart.*;
i mport java.aw . Col or;
i mport cominsl.stat. Random

public class Sanpl eHori zontal Error Bar extends JFranmeChart {

publ i ¢ Sanpl eHori zontal ErrorBar () {
Random r = new Randon( 123457);

Chart chart get Chart();
Axi sXY axis = new AxisXY(chart);

/!l Generate a random data set, with randomerrors in x

int n = 20;
doubl e x[] = new doubl e[ n];
doubl e y[] = new doubl e[ n];

doubl e low] = new doubl e[ n];
doubl e high[] = new doubl e[n];

for (int k =0; k <n; k++) {
x[k] = k;
y[ k] = r.next Doubl e();
low k] = x[k] - 5.*r.nextDouble();

hi gh[ k] = x[k] + 5.*r. next Doubl e();
}

ErrorBar data = new ErrorBar(axis, x, y, low, high);

dat a. set Dat aType(dat a. DATA TYPE_ERROR X | dat a. DATA TYPE_MARKER) ;
dat a. set Mar ker Type( Dat a. MARKER _TYPE_FI LLED Cl RCLE) ;

dat a. set Mar ker Col or (“red”);

public static void main(String argv[]) {
new Sanpl eHori zontal ErrorBar () .setVisible(true);
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Mixed Error Bars

To show errorsin both x and y, it is necessary to create both vertical and horizontal
error bar objects. This example shows such a chart.
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i mport cominsl.chart.*;
i mport java.aw . Col or;
i mport cominsl.stat. Random

public class Sanpl eM xedErrorBar extends JFraneChart {

publ i ¢ Sanpl eM xedErrorBar () {
Random r = new Randon( 123457);

Chart chart
Axi sXY axi s

getChart();
new Axi sXY(chart);

/!l Generate a random data set, with randomerrors in x

int n = 20;

doubl e x[] = new doubl e[ n];
doubl e y[] = new doubl e[ n];
doubl e xl ow{] = new doubl e[n];

doubl e xhigh[] = new doubl e[ n];
doubl e ylow[] = new doubl e[n];
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doubl e yhi gh[
for (int k =
x[ k] = k;
y[ k] = r.next Doubl e();
xlow k] = x[k] - r.nextDoubl e();
xhi gh[ k] = x[k] + r.nextDouble();
ylow k] = y[k] - 0.25*r. next Doubl e();
yhi gh[ k] = y[k] + 0.25*r.next Doubl e();

] = new doubl e[ n];
0; k < n; k++) {

}

ErrorBar dataY = new ErrorBar(axis, x, y, ylow yhigh);

dat aY. set Dat aType(dat aY. DATA_TYPE_ERROR_Y | dataY. DATA_TYPE_MARKER) ;
dat aY. set Mar ker Type( Dat a. MARKER_TYPE_FI LLED_Cl RCLE) ;

dat aY. set Mar ker Col or (“red”);

ErrorBar dataX = new ErrorBar(axis, x, y, xlow xhigh);
dat aX. set Dat aType(dat aY. DATA_TYPE_ERROR_X) ;
dat aX. set Mar ker Col or (“red”);

public static void main(String argv[]) {
new Sanpl eM xedErrorBar (). setVisible(true);
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High-Low-Close Plot

High-Low-Close plots are used to show stock prices. They are created using the
HighLowClose class.

The markers can be formatted using the attribute MarkerColor.

In a high-low-close plot the vertical line represents the high and low values. The
closevalueisrepresented by a“tick” to theright. The open value, if present, isrep-
resented by atick to the left.

The set upDat eAxi s method will configure the x-axis for dates. This turns off
autoscaling of the axis.

In a high-low-close chart the x-values are the number of milliseconds since the
epoch (January 1, 1970). Thisisthe standard Java convention for representing
dates as numbers.
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Example

Inthis example, random security pricesare computed inthecr eat eDat a method.
Thetime axisis prepared by calling set Dat eAxi s.
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i mport cominsl.chart.*;
i mport j ava.text. Dat eFor mat;
i mport java.util.*;

public class Sanpl eH ghLowCl ose extends JFraneChart ({
private double high[], low], close[];

public Sanpl eHi ghLowCl ose() {
Chart chart = getChart();
Axi sXY axis new Axi sXY(chart);

/| Date is June 27, 1999
Date date = new G egori anCal endar (1999,
Gregori anCal endar. JUNE, 27).getTime();

int n = 30;
creat eDat a(n);

// Create an instance of a Hi ghLowCl ose Chart
H ghLowCl ose hil o = new H ghLowCl ose(axi s, date, high,
| ow, close);
hi | o. set Mar ker Col or (“bl ue”);

/1 Set the Hi ghLowCl ose Chart Title
chart.getChartTitle().setTitle(“Stock Prices”);

/1 Setup the x axis
Axi s1D axi sX = axi s. get Axi sX();

/1Set the text angle for the X axis |abels
axi sX. get Axi sLabel (). set Text Angl e(270);
/I Change the text format to the |ocal date format
Dat eFor mat df =
Dat eFor mat . get Dat el nst ance( Dat eFor mat . SHORT) ;
axi sX. get Axi sLabel (). set Text For mat (df);

/1 Setup the tine axis
hi | 0. set Dat eAxi s(“ Dat e( SHORT) ") ;

/1 Turn on grid and nake it |ight gray

axi sX.getGid().setPaint(true);

axi sX.getGid().setLineColor(“lightgray”);
axis.get Axi sY().getGid().setPaint(true);
axis.get Axi sY().getGid().setLineColor(“lightgray”);
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private void createData(int n) {
hi gh = new doubl e[ n];
| ow = new doubl e[ n];
cl ose = new doubl e[ n];
Random r = new Random(123457);
for (int k =0; k <n; k++) {
doubl e f = r.next Doubl e();

if (k == 0) {

cl ose[0] = 100;
} else {

cl ose[k] = (0.95+0.10*f)*cl ose[ k-1];
}

hi gh[ k] = cl ose[ k] *(1.+0. 05*r. next Doubl e());
low k] = close[k]*(1.-0.05*r. next Double());

}

public static void main(String argv[]) {
new Sanpl eH ghLowCl ose() . set Vi si bl e(true);

}
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Candlestick Chart

Candlesticks are used to show stock price. Each candlestick showsthe stock’shigh,
low, opening and closing prices.

The Candlestick constructors create two child Candlestickltem nodes. Oneis for
the up days and oneis for the down days. A day isan up day if the closing priceis
greater than the opening price. The get Up and get Down accessor methods can be
used to retrieve these nodes.

Theline (“whisker”) part of a candlestick shows the stock’s high and low prices.
The whiskers can be formatted using the line attributes (see “Line Attributes’ on

page 72).

The body of a candlestick shows the stock’s opening and closing prices. The body
color is used to flag if the top of the body is the closing price (up day) or the open-
ing price (down day). Thefill area attributes determine how the body isdrawn (see
“Fill Area Attributes’ on page 75). By default, up days are white and down days
are black.

Thewidth of acandlestick is controlled by the MarkerSize attribute (see “ Attribute
MarkerSize” on page 74).
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Example

In this example, random security prices are computed inthecr eat eDat a method.
Thetime axisis prepared by calling set Dat eAxi s.

The up days are colored green and the down days are colored red.
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i mport cominsl.chart.*;
i mport java.text. Dat eFormat;
i mport java.util.*;

public class Sanpl eCandl esti ck extends JFraneChart {
private double high[], low], open[], close[];

publ i c Sanpl eCandl estick() {
Chart chart = getChart();
Axi sXY axis = new AxisXY(chart);

/| Date is June 27, 1999
Dat e date = new Gregori anCal endar (1999, G egori anCal -
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endar. JUNE, 27).getTinme();

int n = 30;
creat eDat a(n);

//Create an instance of a Hi ghLowCl ose Chart
Candl estick stick = new Candl estick(axis, date, high,
| ow, cl ose, open);

/'l show up days in green and down days in red
stick.getUp().setFill Color(“green”);
stick.getDown().setFill Color(“red”);

/] Set the Hi ghLowCl ose Chart Title
chart.getChartTitle().setTitle(“Stock Prices”);

/1 Setup the x axis
Axi s1D axi sX = axis. get Axi sX();

/1 Setup the tinme axis
stick. set Dat eAxi s(“ Dat e( SHORT) ") ;

/1 Turn on grid and nake it |ight gray

axi sX. getGid().setPaint(true);

axi sX. getGid().setLineColor(“lightgray”);

axi s.get Axi sY().getGid().setPaint(true);

axi s.get Axi sY().getGid().setLineColor(“lightgray”);

private void createData(int n) {

hi gh = new doubl e[ n];

| ow = new doubl e[ n];

cl ose = new doubl e[ n];

open = new doubl e[ n];

Random r = new Random(123457);

for (int k =0; k <n; k++) {
double f = r. nextDoubl e();

if (k == 0) {
cl ose[ 0] = 100;
} else {

cl ose[k] = (0.95+0.10*f)*cl ose[ k-1];
}
hi gh[ k] = cl ose[ k] *(1.+0. 05*r. next Doubl e());
low k] = close[k]*(1.-0.05*r. next Doubl e());
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open[ k] = low k] + r.nextDoubl e()*(high[k]-lowk]);
}
}

public static void main(String argv[]) {
new Sanpl eCandl estick().setVisible(true);

}
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Pie Chart

A piechartisagraphical way to organize data. This section describesthe construc-
tion of a pie chart.

Example

The JFrameChart classis used to create a frame containing a Chart node. A Pie
node is then created as a child of the Chart node. The Pie node constructor creates
PieSlice nodes asitschildren. The number of PieSlice nodescreatedisy. | engt h,
here equal to 4. After the PieSlice nodes are created they are retrieved from the
object pie and customized by setting attributes.

Pie Chart

Blue

Green

Red

The Label Type attribute is set in the pie node. The pie node itself does not use this
attribute, but from there it isinherited by all of the PieSlice nodes.

The Title attribute is set in each PieSlice node. Thisisthe slicelabel. It is used to
label the dlice only if the dice’s Label Type attributeis LABEL_TYPE_TITLE.

TheFillColor attribute is also set in each dice. This determines the color of the
slice. Sincethe default value of FillColor isblack, it isgenerally recommended that
FillColor be set in each slice.
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TheFillOutlineColor attribute setsthe border color of each slice. In thisexample it
is set in the pie nodeto be blueand set inthe sl i ce[ 1] nodeto be yellow. All
except sl i ce[ 1] areoutlinedinblue, and sl i ce[ 1] isoutlined in yellow.

The Explode attribute moves a pie slice out from the center. Its default value is 0,
which puts the dlice vertex in the center. A value of 1.0 would put the slice vertex
on the circumference.

i mport cominsl.chart.*;
i mport java.aw . Col or;

public class Sanpl ePi eChart extends JFraneChart ({

publ i c Sanpl ePi eChart () {
Chart chart = getChart();

double y[] = {35., 20., 30., 5.};

Pie pie = new Pie(chart, vy);

pi e. set Label Type(Pi e. LABEL_TYPE_TI TLE);
pi e.setFillQutlineCol or(Col or. bl ue);

PieSlice[] slice = pie.getPieSlice();

slice[0].setFill Col or(Col or.green);
slice[0].setTitle(“Green”);
slice[0].setExplode(0.1);

slice[1].setFill Col or(Col or.red);

slice[1l].setTitle(“Red”);

slice[1].setFillQutlineCol or(Col or.yell ow);
slice[1].setExpl ode(0.1);

slice[2].setFillCol or(Col or. bl ue);
slice[2].setTitle(“Blue”);
slice[2].setExplode(0.1);

slice[3].setFillColor(Color.yellow;
slice[3].setTitle(“Yellow);
slice[3]. set Expl ode(0. 15);

}

public static void main(String argv[]) {
new Sanpl ePi eChart().setVisible(true);
}
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Box Plot

Box plots are used to show statistics about multiple groups of observations.

For each group of observations, the box limits represent the lower quartile (25-th

percentile) and upper quartile (75-th percentile). The medianisdisplayed asaline
across the box. Whiskers are drawn from the upper quartile to the upper adjacent

value, and from the lower quartile to the lower adjacent value.

Optional notches may be displayed to show a 95 percent confidence interval about
the median, at

+1.58 IRQ /+/n

where IRQ is the interquartile range and n is the number of observations. Outside
and far outside values may be displayed as symbols. Outside values are outside the
inner fence. Far out values are outside the outer fence.

The BoxPlot has several child nodes. Any of these nodes can be disabled by setting
their "Paint" attribute to false.

« The"Bodies' node hasthe main body of the box plot elements. Itsfill attributes
determine the drawing of (notched) rectangle (see “Fill Area Attributes’ on
page 75). Its line attributes determine the drawing of the median line. The
width of the box is controlled by the "MarkerSize" attribute (see “ Attribute
MarkerSize” on page 74) .

e The"Whiskers" node drawsthe linesto the upper and lower quartile. Its draw-
ing is affected by the marker attributes.

e The"FarMarkers' node hold the far markers. Its drawing is affected by the
marker attributes.

» The"OutsideMarkers' node hold the outside markers. Its drawing is affected
by the marker attributes.

Example

In thisexample, the Fisher iris data set isread from afile and aBox plot is created
from data. The dataisin afile called "Fisherlris.csv" (see“Attribute MarkerSize”
on page 74) in the same directory as this class.

The y-axis labels are taken from the column names.
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Theboxes are colored green, the markers are all filled circles. The outside markers
are blue and the far outside markers would be red, if there were any.
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i mport cominsl.chart.*;

i mport cominsl.io.FlatFile;

i mport java.io.*;

i mport java.sql.SQ.Excepti on;

i mport java.util.StringTokenizer;

public class Sanpl eBoxPl ot extends JFraneChart {

publi ¢ Sanpl eBoxPl ot () throws | OException, java.sql.SQ.Exception {
/1 Read the data
I nput Streamis =
Sanpl eBoxPl ot . cl ass. get ResourceAsStream “Fi sherlris.csv”);
Dat aReader reader = new Dat aReader (is);
int nColumms = 5;
int nCbs = 150;

String | abel s[] new String[ nCol ums] ;

for (int i =0; i < nColums; i++) {
| abel s[i] = reader.get MetabData(). get Col umName(i +1);
}
doubl e irisbData[][] = new doubl e[ nCol umms] [ nObs] ;
for (int j = 0; reader.next(); j++) {
for (int i =0; i < nColums; i++) {
irisData[i][]j] = reader.getDoubl e(i+1);
}
}

/1 Setup the chart

Chart chart = getChart();

Axi sXY axis = new AxisXY(chart);

BoxPl ot boxPl ot = new BoxPlot(axis, irisbData);

boxPl ot . set BoxPI ot Type( BoxPl ot . BOXPLOT_TYPE_HORI ZONTAL) ;
boxPl ot . set Label s(I| abel s);

boxPl ot . get Bodi es().setFill Col or(“green”);

boxPl ot . set Mar ker Type( BoxPl ot . MARKER_TYPE_FI LLED Cl RCLE) ;
boxPl ot . get Qut si deMar ker s() . set Mar ker Col or (“bl ue”);

boxPl ot . get Far Mar ker s() . set Mar ker Col or (“red”);

boxPl ot . set Not ch(true);

public static void main(String argv[]) throws | CException, java.sql.SQLEx-
ception {
new Sanpl eBoxPl ot (). setVisible(true);
}

/**

* Read the Fisher Iris data
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*/

static private class Dat aReader extends FlatFile {

publ i c DataReader (I nput Streamis) throws | OException {

super (new Buf f er edReader (new | nput St r eanReader (i s)));

String line

readLi ne();

)

new StringTokeni zer (line,

hasMor eTokens() ;

StringTokeni zer st

for (int j

st. ) {
st. next Token().trim));
Doubl e. cl ass) ;

0;
set Col utmNane(j +1,

set Col umd ass(j,
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Bar Chart

TheclassBar isused to create bar charts and histograms. This section describesthe
construction of labeled bar charts. For adiscussion of histograms, see “Histogram”
on page 64.

Simple Bar Chart

Thefollowing code creates thislabeled bar chart. The BarType attribute can be
either BAR_TYPE_VERTICAL or BAR_TYPE_HORIZONTAL. The method
set Label s setsthe bar labels and adjusts the attributes of the axisto be appropri-
ate for bar labels. The set Label s method must be called after the set Bar Type
method, so that the correct axis has its attributes adjusted.

The drawing of the bars is controlled by the “Fill Type’ on page 75 and “FillOut-
lineType’ on page 75 attributes. By default Fill Type has the value
FILL_TYPE_SOLID, so setting the associated attribute “FillColor” on page 75 to
red causes solid red bars to be drawn.

9.00 7
7.50 —
6.00 —
3.00 —
000 : A B c D

i mport cominsl.chart.*;
i mport java. awt. Col or;
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public class Sanpl eBar extends JFrameChart ({

public SanpleBar () {
Chart chart = getChart();
Axi sXY axis = new AxisXY(chart);
double y[] = {4, 2, 3, 9};
Bar bar = new Bar(axis, Yy);
bar . set Bar Type( Bar. BAR_TYPE_VERTI CAL) ;
bar. set Label s(new String[]{“A","B","C","D"});
bar.setFill Col or(Col or.red);

}

public static void main(String argv[]) {
new Sanpl eBar (). setVisible(true);
}
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Grouped Bar Chart
In agrouped bar chart multiple sets of data are displayed as side-by-side bars.

The data argument to the constructor for a grouped bar chart isan nGr oups by
nl t ens array of doubles. In this example there are two groups, each containing
four items. All of the groups must contain the same number of items.

Theget Bar Set (i nt) method returns a BarSet object that is a collection of the
Barltems that make up a given group. Here the barsin group 0 are set to red and
those in group 1 are set to blue.

9.00

6.00 —
450 —
3.00 —
1.50 —
0.0 - A B c D

i mport cominsl.chart.*;
i mport java. awt. Col or;

public class Sanpl eBar Group extends JFrameChart {

public Sanpl eBar Group() {
Chart chart = getChart();
Axi sXY axis = new AxisXY(chart);
double y[][] = {{4,2,3,9},{6,7,5,2}};
Bar bar = new Bar(axis, Yy);
bar . set Bar Type( Bar. BAR_TYPE_VERTI CAL) ;
bar. set Label s(new String[]{“A","B","C","D"});

Bar Chart
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bar. get Bar Set (0) . set Fil | Col or (Col or.red);
bar. get Bar Set (1) . set Fi |l | Col or (Col or. bl ue);
}

public static void main(String argv[]) {
new Sanpl eBar G oup() . set Visible(true);
}

In the above SampleBarGroup example, the Bar constructor creates a collection of
chart nodes. For each group, it createsaBarSet node asitsdirect child. Each BarSet
node has Barltem nodes as children, one for each bar in the set.
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Stacked Grouped Bar Chart
The most general form of the bar chart is a stacked, grouped bar chart.

The data argument to the constructor for a stacked, grouped bar chart is an

nSt acks by nGr oups by nl t ens array of doubles. In this example there are two
stacksin three groups each containing four items. All of the stacks must contain the
same number of groups and all of the groups must contain the same number of
items.

Theget Bar Set (i nt, i nt) method returns a BarSet object that isacollection of
the Barltems that make up a given stack/group. Here within each group the stacks
are set to shades of the same color.

A stacked bar chart, without groups, can be constructed as a stacked-grouped bar
chart with one group.

15.00 7

12.00

0.00 —
A B C D

i mport cominsl.chart.*;
i mport java. awt. Col or;

public class Sanpl eBar GroupSt ack extends JFrameChart {
static final Col or darkRed = new Col or (196, 0, 0);
static final Color |ightBlue = new Col or (196, 185, 253);
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public Sanpl eBar GroupSt ack() {
Chart chart = getChart();
Axi sXY axis = new AxisXY(chart);
/Il yis a2 by 3 by 4 array
double y[T[][] = {
{{4,2,3,9},{8,4,2,3},{1,5, 3,
7,2},{8,5,6,

8
{{6,7,5,2},{4,1, 1

I3
)
s

Bar bar = new Bar(axis, Yy);

bar . set Bar Type( Bar. BAR_TYPE_VERTI CAL) ;

bar. set Label s(new String[]{“A","B","C","D"});

/1l group 0 - shades of red

bar. get Bar Set (0, 0) . set Fi I | Col or (Col or. red);

bar. get Bar Set (1, 0) . set Fi I | Col or (dar kRed) ;

/1 group 1 - shades of blue

bar. get Bar Set (0, 1) . set Fi I | Col or (Col or. bl ue);

bar. get BarSet (1, 1).setFill Col or(lightBlue);

/1l group 2 - shades of gray

bar. get Bar Set (0, 2) . set Fi |l | Col or (Col or. gray);

bar. get Bar Set (1, 2).setFill Col or(Col or.|ightGay);

public static void main(String argv[]) {
new Sanpl eBar G oupSt ack(). set Vi si bl e(true);
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Legend

The Legend for a bar chart is turned on by setting the Legend's Paint attribute to
t r ue and defining the Title attributes for the legend entries. The legend entriesare
the BarSet objects. The following example is the stacked, grouped bar example
with the legend enabled.

15.00
1 M Red
| ® Gray
) — M Dark Red
9.00 O Light Blue
- O Light Gray
6.00
3.00
0.00 —

A B

i mport cominsl.chart.*;
i mport java.aw . Col or;

public class Sanpl eBarLegend extends JFraneChart {
publ i ¢ Sanpl eBar Legend() {

Chart chart = getChart();

Axi sXY axis = new AxisXY(chart);

chart . get Legend() . setPaint (true);

/[l yis a2hby 3 by 4 array

double y[]J[][] = {
{{4,2,3,9},{8,4,2,3},{1,5, 3, 8}},
{{6,7,5,2},{4,1,7,2},{8,5,6, 1}}

b

Bar bar = new Bar(axis, Vy);

bar . set Bar Type( Bar . BAR_TYPE_VERTI CAL) ;

bar . set Label s(new String[]{“A",”B","C","D"});

[/l group O - shades of red

bar.get BarSet (0,0).setTitl e(“Red”);
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bar . get Bar Set (0, 0).setFill Col or (“Red”);
bar.getBarSet(1,0).setTitl e(“Dark Red”);

bar . get BarSet (1, 0).setFill Col or(“DarkRed");
[/ group 1 - shades of blue

bar.getBarSet (0,1).setTitl e(“Blue”);

bar . get BarSet (0, 1).setFill Col or (“Bl ue”);
bar.getBarSet(1,1).setTitle("“Light Blue”);
bar.getBarSet (1, 1).setFill Col or (“Li ghtBlue”);
[l group 2 - shades of gray

bar.getBarSet (0,2).setTitle(“Gay”");
bar.getBarSet (0,2).setFill Color(“Gay”);
bar.getBarSet(1,2).setTitle(“Light Gay”);
bar.getBarSet (1, 2).setFill Col or(“Li ghtGray”);

public static void main(String argv[]) {
new Sanpl eBar Legend(). set Vi si bl e(true);
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Attribute BarGap

The BarGap attribute setsthe gap between barsin agroup. A gap of 1.0 meansthat
space between bars is the same as the width of an individual bar in the group. Its
default value is 0.0, meaning there is no space between groups.

Attribute BarWidth

TheBarWidth attribute setsthe width of the groups of barsat each index. Itsdefault
valueis 0.5. If the number of groupsisincreased, the width of each individual bar
is reduced proportionately.

See “Histogram” on page 64 for an example of the use of the BarWidth attribute.

Bar Chart
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Contour Chart

A Contour chart shows level curves of atwo-dimensiona function.

Example

The JFrameChart classis used to create a frame containing a Chart node. A Con-
tour nodeisthen created asachild of the Chart node. The Contour hode constructor
creates ContourLevel nodes asits children. The number of ContourLevel nodes
created is equal to the number of contour levels plue one, here equal to 4. After the
ContourLevel nodes are created they are retrieved from the object pie and custom-
ized by setting attributes.

.- 0.40

0.60
I- 0.80

The FillColor and LineColor attributes are set in each level. This determines the
color of thefill areafor thelevel and the color of thelevel curves. Since the default

value of FillColor isblack, it is generally recommended that FillColor be set in
each level.

Each level correspondsto the arealess than or equal to the contour level value and
greater than the previous level, if any. So in thisexample, sincethe 0-th level value
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is0.4, the areawhere the functionislessthan 0.4 isfilled with blue (the level -0 fill

color) and thelevel curve equal to 0.4 isdraw with dark blue, the level-0 line color.
i mport cominsl.chart.*;
i mport java.aw . Col or;

public class Sanpl eCont our extends JFraneChart {
publ i ¢ Sanpl eCont our () {

Chart chart = getChart();
Axi sXY axis = new AxisXY(chart);

doubl e xGrid[] = {0, .2, .4, .6, .8, 1.0};
double yGid[] = {0, .1, .2, .3, .4, .5 .6, .7, 1.};
doubl e zData[][] = new doubl e[ xGid.length][yGid.Ilength];
for (int i =0; i <xGid.length; i++) {
for (int j =0; j <yGid.length; j++) {
double x = xGid[i];
double y = yGid[j];

zDatal[i][j] = Math.exp(-x)*Math.cos(x-y);

}
}
doubl e level[] = {.4, .6, .8};
Cont our contour = new Contour(axis, xGid, yGid, zData, |evel);
cont our . get Cont our Legend() . set Pai nt (true);
cont our . get Cont our Level (0).setFill Col or("bl ue");
cont our . get Cont our Level (1) .setFill Col or("yell ow');

cont our . get Cont our Level (2).setFill Col or("green");
cont our . get Cont our Level (3).setFill Color("red");

cont our . get Cont our Level (0). set Li neCol or ("dar kbl ue");
cont our . get Cont our Level (1) . set Li neCol or (" orange");
cont our . get Cont our Level (2). set Li neCol or (" dar kgreen");
cont our . get Cont our Level (3). set Li neCol or ("darkred");

public static void main(String argv[]) {
new Sanpl eContour (). setVisible(true);
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Histogram

A histogram isabar chart in which the height of the barsis proportional to the fre-
guencies. A histogram generally uses the same axis style as a scatter plot (i.e. the
bars are numbered not labeled.)

In IMSL, histograms are drawn using the Bar class, but itsset Label s method is
not used.

Example

In this example normally distributed random numbers are generated and placed
into 20 uniformly sized binsintheinterval [-3,3]. Points outside of thisinterval are
ignored. The bins counts are scaled by the number of samples and the bin width.
Thescaled bin counts are charted using Bar chart. The exact normal distributionis
implemented as a ChartFunction and plotted.

Thelegend is displayed by setting the legend node's Paint attributeto t r ue and
defining the bar chart’s Title attribute. Thelegend is positioned on the chart by set-
ting its Viewport attribute.

Normal Distribution

0.50 7

& Random Samples

0.40 — Exact Curve

0.30

0.20

0.00
-3.00 -200 -1.00 0.00 1.00 2.00 3.00
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i mport com i sl . mat h. Sf un;

i mport com insl.stat. Random
i mport cominsl.chart.*;

i mport java.aw.*;

i mport javax.swi ng.*;

public class Sanpl eH st ogram ext ends JFraneChart {
publ i ¢ Sanpl eH stogran() {
int nSanples = 1000;
int nBins = 20;

/1 Setup the bins

doubl e bins[] = new doubl e[ nBi ns];
doubl e dx = 6.0/ nBins;
doubl e x[] = new doubl e[ nBi ns];

for (int k =0; k < nBins; k++) {
x[k] = -3.0 + (k+0.5)*dx;
}

Random r = new Randon( 123457);

for (int k = 0; k < nSanples; k++) {
double t = r.nextNornal ();
int j = (int)Mth.round((t+3.0-0.5*dx)/dx);
if (j >>0 && | < nBins) bins[j]++;

}

/'l Scal e the bins

for (int k =0; k < nBins; k++) {
bi ns[ k] /= nSanpl es*dx;

}

/'l create the chart
Chart chart = getChart();
Axi sXY axis = new AxisXY(chart);

chart.getChartTitle().setTitle(“Normal Distribution”);
chart . get Legend().setPaint (true);

chart.get Legend().setViewort(0.7, 1.0, 0.2, 0.3);
chart.getLegend().setFillQutlineType(chart.FlLL_TYPE_NONE);

Bar bar = new Bar(axis, x, bins);

bar . set Bar Type( bar. BAR_TYPE_VERTI CAL) ;
bar . setFi || Col or (Col or. green);

bar . set Bar W dt h( 0. 5*dx) ;

bar.setTitl e(“Random Sanpl es”) ;

/1 plot the expected curve
Chart Function f = new ChartFunction() {

Histogram JMSL Charting Programmer’s Guide ¢ 65



publi c double f(double x) {
return Math. exp(-0.5*x*x)/Math.sqrt(2.0*Math.Pl);

}
h
Data data = new Data(axis, f, -3, 3.0);
dat a. set Li neCol or ( Col or. bl ue);
data.setTitle(“Exact Curve”);
dat a. set Li neWdth(2.0);

}

public static void main(String argv[]) {
new Sanpl eHi st ogran(). setVisible(true);
}
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Polar Plot

Theclass Pol ar isused to plot (r, t het a) data, wherer isthe distance from the
origin and t het a isthe angle from the positive x-axis. Data hode (x,y) values are
treated asif they were (r, t het a) values.

When aPolar node is created, a subtree of other nodes is created. These automati-
cally created nodes are shown in the following diagram.

| Folar I

AzisR I l AzisTheta I l CidBelr

AxisELine

|| AmsEMajerTick

AsElLabel

Axi sRisther-axisnode. Thisis drawn along the positive x-axis. This node has
three subnodes: Axi sRLi ne for the actual line, Axi sRMVaj or Ti ck for the tick
marks along the line and Axi sRLabel for thetick mark labels.

The drawing of the Axi sRLi ne and the Axi sRVaj or Ti ck is controlled by the
Line Attributes (see page 72). Thedrawing of the Axi sRLabel iscontrolled by the
Text Attributes (see page 79).

The Window attribute in Axi sR specifies the length of the r-axis. Since the r-axis
rangeis[0,rmax], the Window attribute for thisnodeisthe rmax value. Autoscaling
is used to automatically determine rmax from the data. Autoscaling can be turned
off. See “Autoscale’ on page 89 for more details.

AxisThetais the theta-axis node. It is drawn as a circle around the plot. The draw-
ing of the circle itself is controlled by the line attributes. The drawing of the axis
labelsis controlled by the text attributes.

Polar Plot
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The Window attribute in the Axi sThet a hode contains the angular range, in radi-
ans. Itsdefault valueis[0,211. The Window attribute can beexplicitly set to change
the range, but autoscaling is not available to determine the angular range.

GridPolar isthe plot grid. It consists of both radial and circular lines. The drawing
of these linesis controlled by the line attributes. By default, these lines are drawn
and are light gray.

Example
Thefunctionr = 0.5 + cos(theta), for 0 <= theta <= 1tis plotted.

90°

180° i 7 T T 0°
0.00*+ .Qw‘*' 0,60 090 120 1.p0

270°

i mport cominsl.chart.*;
i mport java.aw . Col or;

public class Sanpl ePol ar extends JFranmeChart {

publ i ¢ Sanpl ePol ar() {
Chart chart = getChart();

68 *+ JMSL Charting Programmer’s Guide Chapter 2: Charting Types



Pol ar axis = new Pol ar(chart);

doubl e r[] = new doubl e[ 20];
doubl e theta[] = new double[r.|ength];
for (int k =0; k <r.length; k++) {
theta[k] = Math. Pl *k/(r.length-1);
r[k] = 0.5 + Math.cos(theta[k]);
}
Data data = new Data(axis, r, theta);
dat a. set Dat aType( Dat a. DATA_TYPE_MARKER | Dat a. DATA TYPE_LI NE) ;
dat a. set Li neCol or (Col or. green);
dat a. set Mar ker Col or ( Col or. bl ue) ;

}

public static void main(String argv[]) {
new Sanpl ePol ar () .setVisible(true);

}
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Chapter 3: Drawing Elements

This chapter discusses these IMSL chart drawing elements:
e “LineAttributes’ on page 72

e “Marker Attributes’ on page 73

e “Fill AreaAttributes’ on page 75

e “Text Attributes’ on page 79

e “Labels’ on page 82

e “AxisXY” on page 87

e “Background” on page 119

e ‘“Legend’ on page 125

e “Tool Tips’ on page 129
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Line Attributes

All lines, except for those used to draw markers or outlinefilled regions, are
affected by the attributes described in this section. These include axis lines and
lines drawn when a Data node is rendered with its DataType attribute having its
DATA_TYPE_LINE bit set.

Attribute LineColor

LineColor is a Color-valued attribute that determines the color of the line. Its
default valueis Col or . bl ack.

Attribute LineWidth

LineWidth is a double-valued attribute that determines the thickness of the lines.
Its default valueis 1.0.

Attribute LineDashPattern

LineDashPattern isadouble-array-valued attribute that determinesthe line pattern
used to draw theline. It defaultsto asolid line. Alternate entriesin the array repre-
sent the lengths of the opague and transparent segments of the dashes.

Some dash patterns are defined. They are DASH_PATTERN_DOT,
DASH_PATTERN_DASH and DASH_PATTERN_DASH_DOT.

Samples

— Normal

—— LineWidth=2

— |ineWidth = 4

""""""""" LineDashPattern = DASH_PATTERN_DOT
— — — — LineDashPattern = DASH_PATTERN_DASH

————- LineDashPattern = DASH_PATTERN_DASH_DOT
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Marker Attributes

Markersare drawn when aDatanodeisrendered with its DataType attribute having
its DATA_TYPE_MARKER bit set. Drawing of markers is affected by the
attributes described in this section. Note that even though some markersare drawn
using lines, the line attributes do not apply to markers.

An alternative to markers are images, which can be used to draw arbitrary symbols
instead of markers.

Attribute MarkerType

MarkerType is an integer-val ued attribute that determines which marker will be
drawn. There are constants defined in ChartNode for the marker types. The default
valueis MARKER_TYPE_PLUS. Thefollowing areall of the defined marker
types. For clarity, these are drawn larger than normal.

3 MARKER_TYPE_ASTERISK

X MARKER_TYPE_X

] MARKER_TYPE_HOLLOW_SQUARE
B MARKER_TYPE_FILLED_SQUARE
/\ MARKER_TYPE_HOLLOW_TRIANGLE
A MARKER_TYPE_FILLED_TRIANGLE
< MARKER_TYPE_HOLLOW_DIAMOND
@ MARKER_TYPE_FILLED_DIAMOND
<& MARKER_TYPE_DIAMOND_PLUS

X MARKER_TYPE_SQUARE_X

HH MARKER_TYPE_SQUARE_PLUS

& MARKER_TYPE_OCTAGON_X

@ MARKER_TYPE_OCTAGON_PLUS
O MARKER_TYPE_HOLLOW_CIRCLE
@ MARKER_TYPE_FILLED_CIRCLE

& MARKER_TYPE_CIRCLE_X

@® MARKER_TYPE_CIRCLE_PLUS

© MARKER_TYPE_CIRCLE_CIRCLE
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Attribute MarkerColor

MarkerColor isa Color-valued attribute that determines the color of the marker. Its
default valueis Col or . bl ack.

Attribute MarkerSize

MarkerSize is a double-valued attribute that determines the size of the marker. Its
default value is 1.0. The actual size of the drawn marker, in pixels, is

0.007* Marker Size* width, where width is the width of the Component containing
the chart.

Attribute MarkerThickness

MarkerThickness is a double-valued attribute that determines the thickness of the
lines used to draw the marker. Its default valueis 1.0.

Attribute MarkerDashPattern

MarkerDashPattern is a double-array-val ued attribute that determines the line pat-
tern used to draw the marker. It defaultsto asolid line. Alternate entriesinthe array
represent the lengths of the opagque and transparent segments of the dashes.

Some dash patterns are defined. They are DASH_PATTERN_DOT,
DASH_PATTERN_DASH and DASH_PATTERN_DASH_DOT.

Samples

Normal
O MarkerThickness = 2
B MarkerThickness = 4
3 MarkerDashPattern = DASH_PATTERN_DOT
O MarkerDashPattern = DASH_PATTERN_DASH

O MarkerDashPattern = DASH_PATTERN_DASH_DOT
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Fill Area Attributes

FillOutlineType

FillOutlineType is an integer-value attribute that turns on or off the drawing of an
outline around filled areas. Its value should be FILL_TYPE_NONE (for outline
off) or FILL_TYPE_SOLID (for outline on). The default isto draw solid lines.

FillOutlineColor

FillOutlineColor is a Color-valued attribute that determines the color used to out-
linethefilled regions. The outlineisdrawn only if the attribute FillOutlineType has
thevalue FILL_TYPE_SOLID. Itsdefault valueis Col or . bl ack.

FillType

FillTypeisaninteger-value attribute that turns on or off the drawing of theinterior
of filled areas. Its value should be

* FILL_TYPE_NONE for fill off.

e FILL_TYPE SOLID for fill by asingle, solid color. Thisisthe default.
« FILL_TYPE _GRADIENT for fill by acolor gradient.

e« FILL_TYPE_PAINT for fill by a Paint object. Thisisusually atexture.

FillColor

FillColor isa Color-valued attribute that determines the color used to fill aregion
with asolid color. Its default valueis Col or . bl ack.

Gradient

Gradientisa Color array-valued attributethat fillsaregion with agradient color. It
does not have a default value.
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Thevalue of Gradient should be an array of four colors. These arethe colors at the
four corners of asquare. In order they are: lower-l€eft, lower-right, upper-right and
upper-left.

« |f thelower-side colors are equal (color[0] equals color[1]) and the upper-side
colors are equal (color[2] equals color[3]), then a vertical gradient is drawn.

« |f theleft-side colorsare equal (color[0] equals color[3]) and the right-side col -
ors are equal (color[1] equals color[2]), then a horizontal gradient is drawn.

« |If the lower-right and upper-left colors (color[1] and color[3]) are null, then a
diagonal gradient is drawn using the lower-left (color[0]) and upper-right
(color[2]) colors.

» |If the lower-left and upper-right colors (color[0] and color[2]) are null, then a
diagonal gradient is drawn using the lower-right (color[1]) and upper-left
(color[3]) colors.
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If none of the above patterns exist, then no gradient is drawn.

- e Sty lov. coeryeten
. AR R
Diagonal ‘ ﬁﬁh()Bradient(CoIor.yeIIow, null, Color.red,
Diagonal ' éeotgrr.arlgga)nt(null, Color.yellow, null,
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FillPaint

FillPaint isa Paint-valued attribute that fills aregion with atiled pattern. It does not
have adefault value. The class FillPaint contains utilities to define some useful
paint patterns.

Some Examples of FillPaint

FillPaint.verticalStripe(10, 5, Color.yellow,Color.blue)

FillPaint.horizontalStripe(10, 5, Color.yellow,Color.blue)

AN\/\J
A

‘ FillPaint.diamond(36, 5, Color.blue,Color.yellow)

AANX

FillPaint.checkerboard(24, Color.red,Color.yellow)

The FillPaint attribute can also be set using an Image, which isused to tile filled
regions

78 + JMSL Charting Programmer’s Guide Chapter 3: Drawing Elements



Text Attributes

Attribute Font

Text is drawn using Font objects constructed using the FontName, FontSize and
FontStyleattributes. The Char t Node. set Font ( Font ) method doesnot savethe
Font object, but sets these three attributes.

This arrangement allows one to specify font size and style at lower nodes and
change the font face at the root node.

Multiline text strings are allowed. They are created by newline characters in the
string that creates the text item.

Attribute FontName

FontName is astring-valued attribute that specifies the logical font name or afont
face name. Its default value is " SansSerif". Java always defines the font names
"Dialog", "Dialoglnput”, "Monospaced", "Serif", "SansSerif", and "Symbol".
Depending on the system, additional font names may be defined.

Attribute FontSize

FontSize is an integer-valued attribute that specifies the point size of the font. Its
default valueis 12.

Attribute FontStyle

FontStyleis an integer-valued attribute that specifies the font style. This can be a
bitwise combination of Font . PLAI N, Font . BOLD and/or Font . | TALI C. Its
default valueis Font . PLAI N.
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Samples

Following are samplefontsin stylesplain, italic and bold. These may look different
on different platforms.

Dialog Dialog Dialog
DialogInput DialogInput DialogInput
Monospaced Monospaced Monospaced
Serif Serif Serif
SansSerif SansSerif SansSerif

Attribute TextAngle

TextAngle is an integer-valued attribute that specifies the angle, in degrees, at
which text isdrawn. The angleis measured counterclockwise. Itsdefault valueisO.

Attribute TextColor

TextColor is a Color-valued attribute that specifies the color in which the text is
drawn. Itsdefault valueis Col or . bl ack.

Attribute TextFormat

TextFormat isaj ava. t ext . For mat -valued or a String-valued attribute that
specifies how to format string objects.

TextFormat can al so be set using aString, which isused to generate a Format object
when the attribute is accessed. The Format object is created using the value of
locale in the chart node.
Some strings have special meanings (case isignored in these strings):
e "Dat e(SHORT) " means use:

Dat eFor mat . get Dat el nst ance( SHORT, | ocal e)

e "Date(MEDI UM " meansuse
Dat eFor mat . get Dat el nst ance( MEDI UM | ocal e)

e "Date(LONG " meansuse:
Dat eFor mat . get Dat el nst ance(LONG, | ocal e)

e "Currency" meansuse
Nurmber For mat . get Curr encyl nst ance(l ocal e)

e "Percent" means use:
Nurmber For mat . get Per cent | nst ance( | ocal e)
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If TextFormat has a string value that is not one of the above, then
new Deci mal For mat (value, new Deci mal For mat Synbol s(| ocal e))

isused. For example, if itsvalueis™" 0. 00", then numbers will be formatted with
exactly two digits after the decimal place. See Decimal Format for a detailed
description of these format patterns.

The default value of TextFormat is the value returned by the factory method
Nurmber For mat . get | nst ance(l ocal e) .

Attribute Title

TitleisaText-valued attribute that containsthetitlefor anode. Theclass Text holds
astring and its alignment and offset information.

The alignment of a Text object is the bitwise combination of one of
e TEXT_X_LEFT, TEXT_X_CENTER, TEXT_X_RIGHT, and one of
e TEXT_Y_BOTTOM, TEXT_Y_CENTER, TEXT_Y_TOP

The offset movesthe start of the text away from the reference point in the direction
of the alignment. So if the alignment bit TEXT_X_LEFT is set and the offset is

greater than zero then the text starts a distance further to the left than if the offset
were zero. The distance moved isthe value of offset times the default marker size.
The offset isusually zero, but the Data node sets it to 2.0 for labeling data points.

A Text object is drawn relative to a reference point. The alignment specifies the
position of the reference point on the box that containsthetext. There are nine such
possible positions. In the following samples, the reference point is marked with a
sguare

Pefault

L}
TEXT % _LEFT | TEXT_¥_TOP
n

TEXT_%_CENTER | TEXT_¥_TOP
n

TEXT_%_RIGHT | TEXT_Y_TOP
w TEXT_%_LEFT | TEXT_¥_CENTER

TEXT_X_CENTER®TEXT_¥_CENTER

TEXT % RIGHT | TEXT ¥ CENTER ®
TEXT_%_LEFT | TEXT_¥_BOTTOM
L}

TEXT_%_CENTER | TEXT_¥_EOTTOM
n

TEXT_%_RIGHT | TEXT_¥_BOTTOM
n

If the text isdrawn at an angle, then the alignment isrelative to the horizontally/
vertically aligned bounding box of the text.

Text Attributes JMSL Charting Programmer’s Guide « 81



Labels

L abels annotate data points or pie slices. As a degenerate case they can be used to
place text on achart without drawing apoint. Labels are controlled by the value of
the attribute Label Type in a Data node.

Multiline labels are allowed. They are created by newline charactersin the string
that creates the label.

Attribute LabelType

The attribute L abel Type takes on one of the following values.

e LABEL_TYPE_NONE for no label. Thisisthe default.

e LABEL_TYPE_X label with the value of the x-coordinate.

e LABEL_TYPE_Y label with the value of the y-coordinate.

e LABEL_TYPE_TITLE labe with the value of the Title attribute.

e LABEL_TYPE_PERCENT label with the percentage value. This appliesonly
to PieSlice objects.

Data Point Labeling Example
This example shows three data sets, each labeled in a different fashion.

Thefirst data set is blue and the points are labeled by the value of their x-
coordinates.

The second data set is pink and the points are labeled by the val ue of their y-coor-
dinates. The data set is drawn with both markers and lines.

Thethird data set isred and the points are labeled with the Data node's Title
attribute.
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i mport cominsl.chart.*;
i mport java. awt. Col or;

public class Sanpl eLabel s extends JFraneChart {

public Sanpl eLabel s() {
Chart chart = getChart();
Axi sXY axis = new AxisXY(chart);
chart. getLegend(). set Pai nt (true);

/| Data set 1 - labeled with X

double y1[] = {4, 6, 2, 1, 8};

Data datal = new Data(axis, yl);

dat al. set Dat aType( Dat a. DATA TYPE_MARKER) ;
dat al. set Mar ker Col or (Col or . bl ue);

dat al. set Text Col or (Col or. bl ue);

dat al. set Label Type(Dat a. LABEL_TYPE_X) ;

/] Data set 2 - labeled with Y
double y2[] = {2, 5, 3, 4, 6};
Data data2 = new Data(axis, y2);
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dat a2. set Dat aType( Dat a. DATA_TYPE_MARKER | Dat a. DATA_TYPE_LI NE) ;
dat a2. set Mar ker Col or ( Col or . pi nk) ;
dat a2. set Mar ker Type( Dat a. MARKER _TYPE_FI LLED_Cl RCLE) ;
dat a2. set Li neCol or ( Col or. pi nk) ;
dat a2. set Text Col or ( Col or. pi nk) ;
dat a2. set Label Type(Dat a. LABEL_TYPE_Y) ;

/| Data set 3 - labeled with Title

double y3[] = {6, 2, 5, 7, 3};

Data data3 = new Data(axis, y3);

dat a3. set Dat aType( Dat a. DATA TYPE_MARKER) ;

dat a3. set Mar ker Col or (Col or. red);

dat a3. set Mar ker Type( Dat a. MARKER _TYPE_HOLLOW SQUARE) ;

dat a3. set Li neCol or (Col or.red);

dat a3. set Text Col or (Col or.red);

dat a3. set Label Type(Dat a. LABEL_TYPE_TI TLE) ;

data3.setTitle(“Red");

data3.getTitle().setAlignment(Data. TEXT_X LEFT |
Dat a. TEXT_Y_CENTER) ;

}

public static void main(String argv[]) {
new Sanpl eLabel s().setVisible(true);

}
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Annotation

Labels can be used to placetext on a chart, without an associated point being
drawn. In this example atext message is drawn at (1,7) asits bottom |eft corner.

Note that it isatwo line message. Newlines in the string are reflected in the chart.

Thelabel offset is set to zero, so that the message will be placed exactly at (1,7).
This overridesthe default offset of 2.0 applied to datalabels. The text alignment is
setto TEXT_X_LEFT | TEXT_Y_BOTTOM, so (1,7) is the lower left corner of
the text’s bounding box (see “Attribute Title” on page 81).

No marker or line is drawn because the DataType attribute has its default val ue of
zero.

8.00

i Thisis a
7.00 - sample message.

6.00 —
5.00 —
4.00 —
3.00 —

2.00

1.00 —m———————T—T—T—T——T——1—
0.00 1.00 2.00 3.00 4.00

i mport cominsl.chart.*;
i mport java.aw . Col or;

public class Sanpl eLabel Message extends JFraneChart {
publ i ¢ Sanpl eLabel Message() {

Chart chart = getChart();
Axi sXY axis = new AxisXY(chart);
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double y[] = {4, 6, 2, 1, 8};

Data data = new Data(axis, Yy);

dat a. set Dat aType( Dat a. DATA_TYPE_LI NE) ;
dat a. set Li neCol or ( Col or. pi nk);

doubl e xLabel [] {1.0};

doubl e yLabel [] {7.0};

Dat a dat aMessage = new Dat a(axi s, xLabel, yLabel);

dat aMessage. set Text Col or (Col or. bl ue) ;

dat aMessage. set Label Type(Dat a. LABEL_TYPE_TI TLE) ;

dat aMessage.set Title(“This is a\nsanple nessage.”);

dat aMessage. get Titl e().set Al i gnment (Dat a. TEXT_X_LEFT |
Dat a. TEXT_Y_BOTTOM ;

dat aMessage. get Titl e().set O fset (0.0);

}

public static void main(String argv[]) {
new Sanpl eLabel Message() . set Vi si bl e(true);

}
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AXiSXY

The AxisXY nodeisthe basis of many chart types, including scatter, line, areaand
error bar. Its parent node must be the root Chart node.

When an AxisXY nodeis created, it creates two AxislD nodes. They can be
obtained by using the methods Axi sXY. get Axi sX() and Axi sXY. get Ax-

i sY() . Each of the AxislD nodesin turn creates additional child nodes, asseenin
the diagram below.

Accessor methods can be chained together, so the x-axisline can beretrieved using
axi s. get Axi sX() . get Axi sLi ne()

The codeto set the x-axislineto blueis
axi s. get Axi sX() . get Axi sLi ne(). set Li neCol or (Col or. bl ue)

AXxisXY
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Axis Layout

Thelayout of an AxisXY chart, such asthe one below, is controlled by the
attributes Window, Density, and Number.

Line Chart
8.00 7] o

7.00

2.00

100 7 T 7 T T T T T T T T T T
0.00 0.50 1.00 1.50 2.00 2.50 3.00

Window

Window is adouble-array-valued attribute that containsthe axislimits. Itsvalueis
{min, max} . For the above chart, the value of the Window attribute for the x-axis
is[0, 3] and for the y-axisitis[1, §].

Number

Number isan integer-valued attribute that contains the number of major tick marks
aong an axis. In an AxislD nodeits default value is 5, which is also the value in
the above example.

Density

Density isthe number of minor tick marks per major tick mark. Itsdefault valueis
4, which is also the value in the example.
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Transform

The x- and y-axes may be linear, logarithmic, or customized, as specified by the
Transform attribute. This attribute can have the values:

e TRANSFORM_LINEAR indicating alinear axis. Thisisthe default.
e  TRANSFORM_LOG indicating alogarithmic axis

e  TRANSFORM_CUSTOM indicating a custom transformation. The transfor-
mation specified by the CustomTransform attribute is used.

CustomTransform

A customized transformation is used when the Transform attribute has the value
TRANSFORM_CUSTOM. A custom transform is an object implementing the
Transform interface. It defines a mapping from the interval specified by the Win-
dow attribute to and from the interval [ 0, 1] . See “Custom Transform” on

page 110 for more information.

The class TransformDate implements the Transform interface. It maps from areg-
ular calendar to one without weekends, which is useful for charting stock prices
that are defined only on weekdays.

Autoscale

Autoscaling is used to automatically determine the attribute Window (the range of
numbersalong an axis) and the attribute Number (the number of major tick marks).
Thegoal isto adjust the attributes so that the data fits on the axes and the axes have
“nice” numbers as labels.

Autoscaling is done in two phases. In the first (“input”) phase the actual rangeis
determined. In the second (“output”) phase chart attributes are updated.

Attribute Autoscalelnput

The action of the input phase is controlled by the value of attribute
AUTOSCALE_INPUT in the axis node. It can have one of three values.

 AUTOSCALE_OFF turns off autoscaling.

e AUTOSCALE _DATA scansthe values in the Data nodes that are attached to
the axis to determine the data range. Thisisthe default value.

e AUTOSCALE WINDOW uses the value of the Window attribute to deter-
mine the data range.

AXxisXY
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Attribute AutoscaleOutput

The value of the AUTOSCALE_OUTPUT attribute can be the bitwise combina-
tion of the following values.

 AUTOSCALE_OFF no attributes updated.

e AUTOSCALE NUMBER updates the value of the Number attribute. Thisis
the number of major tick marks along the axis.

e AUTOSCALE WINDOW updates the value of the Window attribute. Thisis
the range of numbers displayed along the axis.

The default isAUTOSCALE_NUMBER | AUTOSCALE_WINDOW,; both the
attributes Number and Window are adjusted.
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Axis Label

The AxisLabel node controls the labeling of an axis. The drawing of thisnodeis
controlled by the Text Attributes (see page 79).

Scientific Notation

If thevaluesalong an axis are large, scientific notation is more readabl e than a dec-
imal format with many zeros. In this examplethe y-axisis labeled with scientific
notation where each number has exactly two fractional digits displayed. This for-
mat patternis” 0. 00EQ" . Seej ava. t ext . Deci mal For mat for detailson
number formatting patterns.

9.00E6 B
8.00E6 y
7.00E6 7]
6.00E6 —
5.00E6 —
4.00E6 —

3.00E6 ]

2.00E6 T T
0.00 0.50 1.00 1.50 2.00 2.50 3.00

i mport cominsl.chart.*;
public class Sanpl eAxi sLabel 1 ext ends JFraneChart {
public Sanpl eAxi sLabel 1() {
Chart chart = getChart();
Axi sXY axis = new AxisXY(chart);

axi s. get Axi sY() . get Axi sLabel (). set Text Format (“0. 00EQ") ;
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double y[] = {4e6, 2e6, 3e6, 9eb};
new Data(axis, Yy);

}

public static void main(String argv[]) {
new Sanpl eAxi sLabel 1(). set Vi si bl e(true);
}

Date Labels

If the TextFormat attribute for an axisis an instance of Dat eFor mat , then the axis
is scaled and labeled as a date/time axis, instead of asareal axis.

Date information passed to the Date constructor must be a double number repre-
senting the number of milliseconds since the standard base time known as “the
epoch”, namely January 1, 1970, 00:00:00 GMT. Thisis used by the constructor
for Date.

In this example the x-axis is labeled with dates. The set Text For mat (Stri ng)
method translatesthe string " Dat e( MEDI UM " into adate format string correct for
the current locale (here U.S. English). If more control is desired, the method

set Text For mat (For mat ) could be used with any Format object.

To make room for the text, the labels are rotated 90 degrees. Also, the viewport is
changed to make more room for the x-axis labels.

Sincethe x-axislabel TextFormat isaDateFormat, date/time autoscaling isused on
the x-axis. The default real number autoscaling is still used on the y-axis.
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i mport

9.00

8.00

7.00

6.00

5.00

4.00

3.00

2.00 T T T

Oct 10, 2001

Oct 11,2001
Oct 12, 2001
Oct 13,2001 —

cominsl.chart.*;

i mport java.util.Date;
i mport java.util.G egorianCal endar;

public class Sanpl eAxi sLabel Date extends JFranmeChart {

publ i ¢ Sanpl eAxi sLabel Date() {

Chart chart = getChart();

Axi sXY axis = new AxisXY(chart);

axi s. get Axi sX() . get Axi sLabel (). set Text For mat (“ Dat e( MEDI UM ") ;
axi s. get Axi sX() . get Axi sLabel (). set Text Angl e(90);

Gregori anCal endar t[] = {
new Gregori anCal endar (2001, G egorianCal endar. CCTOBER, 10),
new Gregori anCal endar (2001, G egorianCal endar. CCTOBER, 11),
new Gregori anCal endar (2001, G egorianCal endar. OCTOBER, 12),
new Gregori anCal endar (2001, G egori anCal endar. CCTOBER, 13)
h
doubl e xX[] = new doubl e[ 4];
for (int k =0; k < x.length; k++) x[k] =t[k].getTime().getTine();
double y[] = {4, 2, 3, 9};
new Dat a(axis, X, Yy);

AXxisXY
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axis.setViewort(0.2, 0.9, 0.1, 0.7);
}

public static void main(String argv[]) {
new Sanpl eAxi sLabel Dat e(). set Vi si bl e(true);

}

Skipping Weekends

An additional feature of Date axesisthe ability to skip weekends. Thisfeatureis
often needed for charting stock price data.

To skip weekendsit is necessary to adjust the autoscaling for weekdays-only. This
is done by setting the attribute Ski pWeekends to true. It is also hecessary to set a
custom transformation, Tr ansf or nDat e, on the axis. Thisisshown in the follow-
ing example, which is a modification of the example in the previous section.

Skipping weekendsisintended only for data sets where no weekend data exists. It
will not give the expected results if the data set contains weekend data.

Thisexamplealso usesacustom Si npl eDat eFor mat object to include the day of
the week in the label.
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8.00
7.00
6.00
5.00
4.00

3.00

2.00

Wed 10/10/01 =
Thu 10/11/01
Fri 10/12/01
Mon 10/15/01
Tue 10/16/01 —

i mport cominsl.chart.*;

i mport java.text. Sinpl eDat eFor mat ;
i mport java.util.Date;

i mport java.util.G egorianCal endar;

public class Sanpl eWekend extends JFraneChart ({

public Sanpl eWeekend() {
Chart chart = getChart();
Axi sXY axis = new AxisXY(chart);
Axi s1D axi sX = axi s. get Axi sX();
axi sX. get Axi sLabel (). set Text For mat (new Si npl eDat eFor mat (" EEE
MM d/yy"));
axi sX. get Axi sLabel (). set Text Angl e(90);

/'l Skip weekends
axi sX. set Ski pWeekends(true);
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axi sX. set Tr ansf or m( axi sX. TRANSFORM_CUSTOM ;
axi sX. set Cust omir ansf or n{ new TransfornmDate());

GregorianCal endar t[] = {
new Gregori anCal endar (2001, Gregori anCal endar. OCTOBER, 10),
new Gregori anCal endar (2001, Gregori anCal endar. OCTOBER, 11),
new Gregori anCal endar (2001, Gregori anCal endar. OCTOBER, 12),
new G egori anCal endar (2001, Gregori anCal endar. OCTOBER, 15),
new Gregori anCal endar (2001, Gregori anCal endar. OCTOBER, 16)

I
doubl e x[] = new doubl e[ 5];
for (int k =0; k < x.length; k++) x[k] =

t[k].getTinme().getTime();
double y[] = {4, 2, 3, 9, 2};
new Data(axis, X, Y);

axi s.setViewport (0.2, 0.9, 0.1, 0.7);
}

public static void main(String argv[]) {
new Sanpl eWeekend() . set Vi si bl e(true);

}
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String Labels

In thisexampl e the program specifiesthe stringsto be used asthe x-axislabels. The
strings are specified using the set Label s(String[]) method.

The strings are used as labels at the major tick marks. The

set Label s(String[]) method setsthe Number attribute to the number of
strings. In the example the AutoscaleOutput attributeis set to
AUTOSCALE_WINDOW. Its default value is AUTOSCALE_WINDOW |
AUTOSCALE_NUMBER, so the effect is to keep autoscaling to set the window
range, but not to change the number of major tick marks.

9.00 7
8.00 —:
7.00 —i
6.00 _:
5.00 —:
4.00 —:

3.00

2.00 —— 71—
A B C D

i mport cominsl.chart.*;

public class Sanpl eAxi sLabel Strings extends JFraneChart ({

publ i ¢ Sanpl eAxi sLabel Strings() {

Chart chart = getChart();

Axi sXY axis = new AxisXY(chart);
double y[] = {4, 2, 3, 9};

new Dat a(axis, Yy);

String |abels[] = {“A", “B", “C, “D};
axi s. get Axi sX() . get Axi sLabel (). set Label s( 1 abel s);

AXxisXY
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axi s. get Axi sX() . set Aut oscal eCut put ( Char t Node. AUTOSCALE_W NDOW ;
}

public static void main(String argv[]) {
new Sanpl eAxi sLabel Strings().setVisible(true);

}
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Axis Title

The AxisTitle node controlsthe titling of an axis. The drawing of thisnodeis con-
trolled by the Text Attributes (see page 79).

Axesaretitled with the value of the Title attribute in the AxisTitle node. By default,
the title is empty.

Setting the Title

To set an axistitle, set the Title attributein the AxisTitle node. In this example both

the x-axis and y-axistitles are set.

9.00

The Y Axis
o
o
o

o
o
S

4.00

3.00

I T TR T AR |

2.00 T T T

0.00 0.50 1.00 1.50 2.00 2.50 3.00
The X Axis

i mport cominsl.chart.*;
public class Sanpl eAxisTitl e extends JFraneChart {

public Sanmpl eAxisTitle() {
Chart chart = getChart();
Axi sXY axis = new AxisXY(chart);
double y[] = {4, 2, 3, 9};
new Data(axis, Yy);

AXxisXY
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axi s.get Axi sX().getAxisTitle().setTitle(“The X Axis");
axis.get AxisY().getAxisTitle().setTitle(“The Y Axis");

}

public static void main(String argv[]) {
new Sanpl eAxi sTitle().setVisible(true);

}
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More Formatting
An axistitle, like any other text string, can have further formatting applied.

The FontName attributeissetto"Ser i f " in the axisnode. Thisvaueisthen inher-
ited by all of it ancestor nodes.

The TextColor attribute is set differently in the x-axis and y-axis nodes. Note that
this setting is inherited by both the AxisTitle and nodes within the same axis.

They-axistitle node has its FontSize attribute set to 20, so it islarger. Also, its
TextAngle attribute is set to -90. By default, the y-axistitleis drawn at a 90 degree
angle, so the -90 degree setting flips the title from its usual position.
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The X Axis

i mport cominsl.chart.*;
i mport java. awt. Col or;

public class Sanpl eAxisTitl eFormatted extends JFrameChart {

public Sanpl eAxisTitl eFormatted() {
Chart chart = getChart();
Axi sXY axis = new AxisXY(chart);
double y[] = {4, 2, 3, 9};
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new Data(axis, Yy);
axi s. set Font Name(“ Serif”);

axi s. get Axi sX() . set Text Col or (Col or. bl ue);
axi s.get Axi sX().getAxisTitle().setTitle(“The X Axis");

axi s. get Axi sY() . set Text Col or (Col or. darkGray) ;
axis.get AxisY().getAxisTitle().setTitle(“The Y Axis");

axi s.get Axi sY().get Axi sTitle().setText Angl e(-90);

axi s.get Axi sY().get AxisTitle().setFontSize(20);

}

public static void main(String argv[]) {
new Sanpl eAxi sTitl eFormatted(). setVisible(true);

}

102 « IMSL Charting Programmer’s Guide Chapter 3: Drawing Elements



Axis Unit

The AxisUnit node controls placing of aunit tag on an axis. Thetag isthe value of
the Title attribute in the node. By default, it is empty.

The axis unit is used for labeling only; it has no other effect on the chart.

Setting the Axis Unit

In thisexample, the axisunit for the x-axisis set to "hours" and the axis unit for the
y-axisis set to "meters". While not required, the axis titles are also set.
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i mport cominsl.chart.*;
public class Sanpl eAxisUnit extends JFraneChart ({

public SanpleAxisUnit() {
Chart chart = getChart();
Axi sXY axis = new AxisXY(chart);
double y[] = {4, 2, 3, 9};
new Dat a(axis, Yy);

axi s. get Axi sX().getAxisTitle().setTitle(“Tine");
axi s. get AXi sY().getAxisTitle().setTitle(“Height”);
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axi s. get Axi sX().getAxisUnit().setTitle(“hours”);
axi s.get Axi sY().getAxisUnit().setTitle(“neters”);
}

public static void main(String argv[]) {
new Sanpl eAxi sUnit().setVisible(true);

}

Major and Minor Tick Marks

The nodes MajorTick and MinorTick control the drawing of tick marks on an
AXxisXY.

Thelocation of the major tick marks can be set explicitly, using the Axi s1D. set -
Ti cks(doubl e[ ]) method. However, it isusually easier to allow autoscaling to
automatically set the tick locations (see “Autoscale” on page 89).

Attribute TickLength

Thelength of the tick marks is proportional to the screen size. They can be made
relatively longer or shorter by setting the attribute TickLength. Its default valueis
1.0. If itsvalueis negative, the tick marks are drawn in the opposite direction: i.e.,
into the center of the plot region rather than away from it.

Attribute Number

Number isthe number of major tick marks along an axis.

Attribute Density

Density is the number of minor tick marksin each interval between major tick
marks. The minor ticks are equally spaced in user coordinates. If the Transform
attribute in not TRANSFORM _LINEAR, then they will not be equally spaced on
the screen.

Attribute FirstTick

The FirstTick attribute, in an AxislD node, is the position of the first mgjor tick
mark. The default value is the 0-th e ement of the Windows attribute.
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Attribute TickInterval

The Tickinterva attribute, in an AxislD node, isthe interval between tick marks
in the user coordinates. If this attribute is not explicitly set, its value is computed
from the attributes Number, Window and Transform.

Attribute Ticks

The Ticks attribute, in an AxislD node, contains the position of the major tick
marks. If thisattributeisnot explicitly set, itsvalue is computed from the attributes
FirstTick, TickInterval, Number, Window and Transform.

AXxisXY
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Example

This example shows the effects of the tick mark attributes. Note that autoscaling is
turned off so that the attribute values are not overridden (see “ Autoscale’ on

page 89).

On the x-axis, there are four major tick marks (Number), starting with 0.5 (First-
Tick) at an interval of 1.5 (Tickinterval). There are three minor tick intervals
(Density) between each major tick mark. Thetick marks are twice aslong and are
drawn in the opposite direction as normal (TickLength).

On they-axis, the tick mark locations are set explicitly by the attribute Ticks. This
automatically sets the attribute Number. The TickLength is set to -1, so thetick
marks are drawn inward (to the right) instead of outward (to the left).
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i mport cominsl.chart.*;
i mport java. awt. Col or;

public class Sanpl eTi cks extends JFranmeChart {
public Sanmpl eTicks() {

Chart chart = getChart();
Axi sXY axis = new AxisXY(chart);
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axi s. set Aut oscal eCut put (axi s. AUTOSCALE OFF) ;

axi s. get Axi sX().set Wndow 0.0, 6.0);
axi s. get Axi sX().setDensity(3);

axi s. get Axi sX() . set Nunber (4);

axi s. get Axi sX().setFirstTick(0.5);
axi s. get Axi sX().setTicklnterval (1.5);
axi s. get Axi sX().setTickLength(-2);

axi s. get Axi sY().set Wndow 0.0, 10.0);

doubl e ticksY[] = {0.5, 2.0, 3.0, 6.0, 10.0};
axi s. get Axi sY().setTicks(ticksY);

axi s. get Axi sY().setTickLength(-1);

double y[] = {4, 6, 2, 1, 8};

Data data = new Data(axis, Vy);

dat a. set Dat aType( Dat a. DATA _TYPE_LI NE) ;
dat a. set Li neCol or ( Col or. bl ue);

public static void main(String argv[]) {
new Sanpl eTi cks().setVisible(true);
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Grid

The Grid node controls the drawing of grid lineson achart. The Grid is created by
AXxislD asitschild. It can be retrieved using the method Axi s1D. get Gri d() .

By default, Grid nodes are not drawn. To enable them, set their "Paint" attributeto
t r ue. Grid nodes control the drawing of the grid lines perpendicular to their parent
axis. So the x-axis Grid node controls the drawing of the vertical grid lines.

Example

In this example, the x-axis grid lines are painted light gray and the y-axisgrid lines
are pink.
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i mport cominsl.chart.*;
public class SanpleGid extends JFraneChart ({
public SampleGid() {
Chart chart = getChart();
Axi sXY axis = new AxisXY(chart);

axi s.get Axi sX().getGid().setPaint(true);
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axi s.get AxisY().getGid().setPaint(true);
axi s.get Axi sX().getGid().setLineColor(“lightgray”);
axi s.get Axi sY().getGid().setLineCol or(“pink”);

double y[] = {4, 6, 2, 1, 8};

Data data = new Data(axis, Vy);

dat a. set Dat aType( Dat a. DATA _TYPE_LI NE) ;
dat a. set Li neCol or (“bl ue”);

public static void main(String argv[]) {
new Sanpl eGrid().setVisible(true);
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Custom Transform

A custom transformation allows a user-defined mapping of datato an axis. A
custom transform is used when the Transform attribute has the value
TRANSFORM_CUSTOM. The custom transform is the value of the
CustomTransform attribute.

A custom transform implements the Transform interface. This interface has three
methods. One, set upMappi ng, iscalled first to allow thetransformation to initial -
ize itself. The other two, mapUser ToUni t and mapUni t ToUser , specify a
mapping from the window interval onto [ 0, 1] . These methods must each be the
inverse of the other.

Example: Normal Probability Plot

A normal probability plot maps normally distributed data into a straight line, just
as a semilog plot maps exponential datainto a straight line.

In this example, 400 normally distributed random numbers are grouped into 20
bins. The bin counts are normalized by dividing by the number of samples (400).
Cumulative probabilities are computed by summing the probabilitiesin all of the
bins to the left of the current bin.

The custom transformation is the normal cumulative distribution function,
Cdf . nor mal , and itsinverse, Cdf . i nver seNor nal , scaled to map the probabil-
ity range[ 0. 001, 0. 999] onto[ 0, 1] .

Autoscaling is turned off on the probability (y) axis and afixed set of probability
tick marks are specified.

Theplot isof the bin center on the x-axis versus the cumulative probabilities on the
y-axis. The pointsare not in an exactly straight line because with only afinite num-
ber of samples, the distribution does not exactly match the normal distribution.
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i mport cominsl.chart.*;

i mport cominsl.stat. Cdf;

i mport cominsl.stat. Random
i mport java. awt. Col or;

public class Sanpl eProbability extends JFraneChart {

public Sanpl eProbability() {
Chart chart = getChart();
Axi sXY axis = new AxisXY(chart);

doubl e ticks[] = {0.001, 0.005, 0.01, 0.02, 0.05, 0.10,
0. 20, 0. 30,
0. 40, 0.50, 0.60, 0.70, 0.80, 0.90, 0.95, 0.98,
0.99, 0.995, 0.999};
double a = ticks[O0];
double b = ticks[ticks.length-1];

axi s.get Axi sX().getAxisTitle().setTitle("x");

axis.get AxisY().getAxisTitle().setTitle("Probability");
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axi s. get Axi sY() . set Transf or m( axi s. TRANSFORM_CUSTOM ;
axi s. get Axi sY(). set Cust omlr ansf or m{ new
Nor mal Transform());
axi s. get Axi sY(). set Aut oscal el nput (axi s. AUTOSCALE _OFF) ;
axi s. get Axi sY().setWndow(a, b);
axi s. get Axi sY() . set Text For mat ( new
j ava.text. Deci mal Format (" 0. 000"));
axi s. get Axi sY().setTicks(ticks);
axi s. get Axi sY().get M norTick().setPaint(false);

i nt nSanpl es = 400;
int nBins = 20;

/1l Setup the bins

doubl e bins[] = new doubl e[ nBi ns];
doubl e dx = 6.0/ nBi ns;
doubl e Xx[] new doubl e[ nBi ns] ;

for (int k =0; k < nBins; k++) {
x[k] =-3.0 + (k+0.5)*dx;

}

/'l Generate random nornal deviates and sort into bins
Random r = new Random(123457);
for (int k = 0; k < nSanples; k++) {
double t = r.nextNormal ();
int j = (int)Math. round((t+3.0-0.5*dx)/dx);
if (j <=0) {
bi ns[ 0] ++;
} else if (j >= nBins-1) {
bi ns[ nBi ns- 1] ++;
} else {
bi ns[j] ++;
}
}

/1 Compute the cunul ative distribution

/'l y[k] is the sumof bins[j] for j=0,...,k divided
by the nSanpl es.

doubl e y[] = new doubl e[ nBi ns];

y[ 0] = bins[0]/nSanpl es;

for (int k = 1; k < nBins; k++) {

y[ k] = y[k-1] + bins[k]/nSanpl es;
}
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/1 Plot the data using nmarkers

Data data = new Data(axis, X, VY);

dat a. set Dat aType( Dat a. DATA_TYPE_MARKER) ;

dat a. set Mar ker Type( Dat a. MARKER_TYPE_FI LLED CI RCLE)
dat a. set Mar ker Col or ( Col or. bl ue);

public static void main(String argv[]) {
new Sanpl eProbability().setVisible(true);
}

static class Normal Transform i nmpl enents Transform {
private doubl e scal eA, scal eB

/**

*Initializes the nmappi ngs between user and coordi -
nate space.
*/
public void setupMappi ng( Axi s1D axi sld) {
double W] = axisld. get Wndow();
double t = Cdf.inverseNormal (W 0]);

scaleB = 1.0/ (Cdf.inverseNormal (W 1])-t);
scal eA = -scal eB*t;

}

/**

* Maps a point in [0,1] to a probability.

*/

public doubl e mapUnit ToUser (doubl e unit) {
return Cdf.normal ((unit-scal eA)/scal eB)
}

/**
* Maps a probablity to the interval [O0,1].
*/
public doubl e mapUser ToUnit (doubl e p) {
return scal eA + scal eB*Cdf . i nver seNormal (p);
}
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Multiple Axes

A IMSL chart can contain any number of axes. Each axishasitsown mapping from
the user coordinates to the device (screen) coordinates.

Normally, the x-axisis at the bottom of the chart and the y-axisisto theleft. The
attribute Type can be changed to move the x-axis to the top of the chart and/or the
y-axis to the right of the chart.

Axis can be moved from the chart edge, either away from the chart or into the mid-
dle of the chart data area, by setting the attribute Cross.

Attribute Type

The attribute Type specifies the position of an x or y-axis. Applied to the x-axisit
can havethevaluesAXIS X (thedefault) or AXIS X_TOP. Applied to the y-axis,
it can have the value AXIS Y (the default) or AXIS Y _RIGHT.

Attribute Cross

The Cross attribute specifies the coordinates of intersection of the x-axis and y-
axis. Thiscan beinside or outside of the chart body. Cross can be used to place mul-
tiple y-axes to the | eft of the chart or multiple x-axes below the chart.
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Example

Two data sets are plotted, each on its own axis. Thefirst (blue) axisisleft in the
default position with the y-axis on the left. The second (pink) axis hasits y-axis
moved to the | eft.

In thisexamplethe x-axisis shared between thetwo axes, so it isnot painted as part
of the second (pink) axis. Thisis done by setting its Paint attribute to false.

8.00 ]
7.00 —:
6.00 —:
5.00 —:
4.00 —:
3.00 —:

2.00

10— 1 "~ "~ 1 "~ I T T 1
0.00 1.00 2.00 3.00 4.00

import com.imsl.chart.®;
i mport java.aw . Col or;

public class Sanpl eAxesLeft Ri ght extends JFraneChart {

publ i ¢ Sanpl eAxesLeft Right () {

Chart chart = getChart();

Axi sXY axisLeft = new AxisXY(chart);

doubl e yLeft[] = {4, 6, 2, 1, 8};

Dat a dataleft = new Data(axisLeft, ylLeft);
dat aLeft. set Dat aType( Dat a. DATA TYPE_LI NE) ;
axi sLeft. setLi neCol or(Col or. bl ue);

axi sLeft. set Text Col or ( Col or. bl ue);

AXxisXY
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Axi sXY axi sRi ght = new Axi sXY(chart);

axi sRi ght . get Axi sX().setPaint(false);

axi sRi ght . get Axi sY().set Type(Axi s1D. AXI S_Y_RI GHT) ;
doubl e yRight[] = {85, 23, 46, 61, 32};

Dat a dataR ght = new Dat a(axi sRi ght, yRight);

dat aRi ght . set Dat aType( Dat a. DATA_TYPE_LI NE) ;

axi sRi ght . set Li neCol or ( Col or . pi nk);

axi sRi ght . set Text Col or ( Col or . pi nk);

public static void main(String argv[]) {
new Sanpl eAxesLeft Ri ght (). setVisible(true);
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Cross Example
Multiple x and y-axes are shown.

The Cross attribute is used to specify that the second (pink) axes intersect at
(-8,10), in the pink-axis coordinate system.

The Viewport attributeis changed in both sets of axesto shrink the size of the chart
body and leave more room to the left and below the chart for the pink axes.
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i mport cominsl.chart.*;
i mport java. awt. Col or;

public class Sanpl eAxesCross extends JFraneChart {

public Sampl eAxesCross() {
Chart chart = getChart();

Axi sXY axi sLeft = new Axi sXY(chart);
doubl e yLeft[] = {4, 6, 2, 1, 8};

Dat a datalLeft = new Data(axisLeft, ylLeft);
dat aLeft. set Dat aType( Dat a. DATA TYPE LI NE) ;

AXxisXY
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axi sLeft. setLi neCol or (Col or. bl ue);
axi sLeft. set Text Col or (Col or. bl ue);

Axi sXY axi sRi ght = new Axi sXY(chart);

axi sRi ght . set Cross(-8, 10);

double xRight[] = {0, 10, 20, 30, 40};

double yRight[] = {85, 23, 46, 61, 32};

Dat a dat aRi ght = new Dat a(axi sRi ght, xRi ght, yRi ght);
dat aRi ght . set Dat aType( Dat a. DATA_TYPE_LI NE) ;

axi sRi ght . set Li neCol or ( Col or. pi nk);

axi sRi ght . set Text Col or ( Col or. pi nk);

doubl e viewport[] = {0.3, 0.9, 0.05, 0.7};
axi sLeft.set Viewport (vi ewport);
axi sRi ght . set Vi ewport (vi ewport);

public static void main(String argv[]) {
new Sanpl eAxesCross().setVisible(true);
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Background

Background controls the drawing of the chart’s background. It is created by Chart
asitschild. It can be retrieved from a Chart object using the Chart . get Back-
ground() method.

Thefill areaattributes in the Background node determine how the background is
drawn (see “Fill Area Attributes’” on page 75).

The attribute Fill Type has the global default valueof FILL_TYPE _SOLID. The
attribute FillColor attribute is set to Col or . whi t e inthisnode.

Solid Color Background

To set the background to a solid color:

e settheattribute FillTypeto FILL_TYPE _SOLID, and
e set theattribute FillColor to the desired color.

For exampl e thefollowing code sets the background to pink. To view chart in color
please see the online documentation.

Background
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import cominsl.chart.*;
public class Sanpl eBackgroundSol id extends JFraneChart {

publ i ¢ Sanpl eBackgr oundSol i d() {
Chart chart = getChart();
chart. get Background().setFill Type(Chart Node. FI LL_TYPE _SOLI D) ;
chart . get Background().setFil |l Col or(java.aw . Col or. pi nk);
Axi sXY axis = new Axi sXY(chart);
double y[] = {4, 2, 3, 9};
new Dat a(axis, Yy);

}

public static void main(String argv[]) {
new Sanpl eBackgroundSoli d(). setVisible(true);
}
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Gradient Color Background

To set the background to a color gradient:

» settheattribute FillTypeto FILL_TYPE_GRADIENT, and

» et the attribute Gradient to the desired color gradient specification.

For exampl e the following code uses ayellow-to-red vertical gradient for the back-
ground setting. See “Fill Area Attributes’ on page 75 for more information on
gradients.

9.00

8.00 -

i mport cominsl.chart.*;
i mport java.aw . Col or;

public class Sanpl eBackgroundG adi ent extends JFranmeChart ({
publ i ¢ Sanpl eBackgroundGradi ent () {

Chart chart = getChart();
chart. get Background().setFill Type(Chart Node. FI LL_TYPE_GRADI ENT) ;
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chart . get Background(). set Gradi ent (Col or.yel | ow, Col or. yell ow,
Col or.red, Color.red);

Axi sXY axis = new AxisXY(chart);

double y[] = {4, 2, 3, 9};

new Dat a(axis, Y);

}

public static void main(String argv[]) {
new Sanpl eBackgroundG adi ent (). setVisible(true);

}
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Pattern Background

To set the background to a color pattern:
e settheattribute FillTypeto FILL_TYPE _PAINT, and
e set the attribute FillPaint to the desired pattern.

For exampl e the following code sets the background to yellow/orange checker-
board pattern. See “Fill Area Attributes’ on page 75 for more information on
patterns.
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i mport cominsl.chart.*;

i mport java.aw . Col or;

i mport java.aw . Paint;

publ i c class Sanpl eBackgroundPai nt ext ends JFraneChart ({

publ i ¢ Sanpl eBackgr oundPai nt () {
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Chart chart = getChart();

chart . get Background().setFill| Type(Chart Node. FI LL_TYPE_PAI NT) ;

Pai nt paint = Fill Paint.checkerboard(24, Color.yellow, Col or. orange);
chart . get Background(). setFil | Pai nt(paint);

Axi sXY axis = new AxisXY(chart);

double y[] = {4, 2, 3, 9};

new Dat a(axis, Vy);

public static void main(String argv[]) {
new Sanpl eBackgroundPai nt (). setVisi bl e(true);
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Legend

Thelegend is used to identify data sets. Data nodes that have their Title attribute
defined are automatically included in the legend box.

The Legend nodeisautomatically created by the Chart node asitschild. By default,
the legend is not drawn because its Paint attribute is set to false.

Simple Legend Example

At aminimum, adding alegend to a chart requires setting the legend’s Paint
attribute to true and setting the Title attribute in the Data nodes that are to appear
in the legend box. This example shows such a minimal legend.
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i mport cominsl.chart.*;
i mport java. awt. Col or;

public class Sanpl eLegend extends JFraneChart {

public Sanpl eLegend() {
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Chart chart = getChart();
Axi sXY axis = new AxisXY(chart);

Legend | egend = chart. getLegend();

| egend. set Pai nt (true);

| egend. setTitle(“Legend”);

| egend. set Text Col or (Col or. white);

| egend. setFi |l | Type(l egend. FILL_TYPE_SOLI D) ;
| egend. set Viewport (0.3, 0.4, 0.1, 0.4);

double y1[] = {4, 6, 2, 1, 8};

Data datal = new Data(axis, yl);

dat al. set Dat aType( Dat a. DATA TYPE_LI NE)
dat al. set Li neCol or (Col or.red);
datal.setTitle("“Line");

double y2[] ={7, 3, 4, 5, 2};

Data data2 = new Data(axis, y2);

dat a2. set Dat aType( Dat a. DATA TYPE_MARKER) ;
dat a2. set Mar ker Col or ( Col or. bl ue) ;
data2.setTitle(“Marker”);

public static void main(String argv[]) {
new Sanpl eLegend() . set Vi sibl e(true);
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Legend Example

This example shows more of the attributesthat affect alegend. If thelegend's Title
attribute is set, then it is used as a header in the legend box.

Thetext propertiesfor all of thetext stringsin thelegend box are obtained from the
L egend node, not from the associated Data nodes (see “ Text Attributes” on
page 79). Here the TextColor is set to white.

The background of the legend box can be set by changing the fill attributes (see
“Fill Area Attributes’ on page 75). By default in the Legend node, Fill Typeis set
to FILL_TYPE_NONE and FillColor isset to Col or . | i ght G ay.

The position of thelegend box iscontrolled by its Viewport attribute. The viewport
isthe region of the Conponent , in which the chart is being drawn, that the legend
box occupies. The upper left corner is (0,0) and the lower right corner is(1,1). The
default value of the legend viewport is[0.83, 0.0] by [0.2, 0.2].

8.00
7.00
6.00

5.00

0.00 1.00 2.00 3.00 4.00

i mport cominsl.chart.*;
i mport java.aw . Col or;

public class Sanpl eSi npl eLegend extends JFraneChart {

publ i ¢ Sanpl eSi npl eLegend() {

Legend
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Chart chart = getChart();
Axi sXY axis = new AxisXY(chart);
chart . get Legend(). setPaint (true);

doubl e y1[] = {4, 6, 2, 1, 8};

Data datal = new Data(axis, yl);

dat al. set Dat aType( Dat a. DATA _TYPE_LI NE) ;
dat al. set Li neCol or (Col or.red);
datal.setTitl e("Line");

doubl e y2[] = {7, 3, 4, 5, 2};

Dat a data2 = new Data(axis, y2);

dat a2. set Dat aType( Dat a. DATA_TYPE_MARKER) ;
dat a2. set Mar ker Col or ( Col or. bl ue) ;
data2.setTitl e("Mrker");

public static void main(String argv[]) {
new Sanpl eSi npl eLegend() . set Vi si bl e(true);

128 « IMSL Charting Programmer’s Guide Chapter 3: Drawing Elements



Tool Tips

Swing supportstool tips, small help boxesthat pop up when the mouse hovers over
some element. The Tool Tip node allows tool tips to be associated with chart ele-
ments. The text displayed in thetool tip isthe Title attribute of the Tool Tip's parent
node.

Example

In thisexampletwo Datanodes are created. Each Data node has a Title defined and
a Tool Tip node added as a child. Note that the Tool Tip node just hasto be created,
no methods using it are normally required.

i mport cominsl.chart.*;

i mport j

ava. aw . Col or;

public class Sanpl eTool Ti p extends JFraneChart {

publ

ic Sanpl eTool Tip() {
Chart chart = getChart();
Axi sXY axis new Axi sXY(chart);

doubl e y1[] {4, 6, 2, 1, 8};

Data datal = new Data(axis, yl);

dat al. set Dat aType( Dat a. DATA_TYPE_MARKER) ;

dat al. set Mar ker Col or (Col or. red);

dat al. set Mar ker Type( Dat a. MARKER_TYPE_FI LLED_Cl RCLE) ;
datal.setTitl e(“Set A');

new Tool Ti p(datal);

doubl e y2[] = {7, 3, 4, 5, 2};

Data data2 = new Data(axis, y2);

dat a2. set Dat aType( Dat a. DATA_TYPE_MARKER) ;

dat a2. set Mar ker Col or (Col or. bl ue) ;

dat a2. set Mar ker Type( Dat a. MARKER_TYPE_FI LLED_SQUARE) ;
data2.setTitle(“Set B");

new Tool Ti p(dat a2);

}
public static void main(String argv[]) {
new Sanpl eTool Ti p(). setVisible(true);
}
}
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Chapter 4. XML

A JMSL chart tree can be created from an XML file. XML (Extensible Markup
Language) is auniversal format for structured data. XML looks similar to HTML
but has application-dependent tag names instead of HTML tags (<p>, <h1>, etc.).
JMSL defines a set of tags for describing charts.

The IMSL distribution includes the “ Crimson 1.1.3" XML parser from Apache at
l'i b/crinmson.jar. The XML features of IMSL require that either JDK 1.4 or
later, crimson.jar, or another XML parser that supports the JAXP API be used.

Chart XML Syntax

The Chart XML syntax is defined by adocument type definition (DTD) file at
http://ww. vni.cont products/jnsl/Chart.dtd.

Valid XML files begin with a prolog that contains the XML declaration and the
document type declaration. For example,

<?xm version="1.0" encodi ng="UTF-8" standal one="no" ?>
<I DOCTYPE Chart PUBLIC "-//Visual Nunerics//DTD JMSL Chart//
EN' "http://ww. vni.conl products/jmsl/Chart.dtd">
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Following the prolog is the body of the chart XML file. Thisis atree of tags, with
the <Char t > tag at the root. These tags mirror a IMSL chart tree. The following
outline shows the hierarchy of tags.

<Chart >
<Array> | <Array id=name>
<Backgr ound>
<ChartTitle>

<Legend>
<AXi sXY>
<AXi sX> | <AXisY>

<Axi sTitl e>
<Axi sLabel >
<AXxi sLi ne>
<Axi sUni t >
<Gid>
<Maj or Ti ck>

<M nor Ti ck>
<Data x=array y=array> | <Data y=array> | <Data>
<Bar x=array y=array> | <Bar y=array>
<Bar Set > | <Bar Set i ndex=i nt >

<Barltenmr | <Barltem index=int>

<ErrorBar x=array y=array |ow=array high=array>

<Hi ghLowCl ose start=array hi gh=array | ow=array
cl ose=array>

<Hi ghLowCl ose high=array | ow=array cl ose=array>
<Pol ar >
<Pie y=array>
<PieSlice> | <PieSlice index=int>

Some of the tags have array-valued arguments. These are either alist of doubles of
theform"{1.2,3.4,5}" or "#id", whereidis an <Array> tag id.

Each of the chart tags can aso have any number of <Attribute> tags as children.
They can have either of two forms:
<Attribute name="attribute-name" value="attribute-val ue"/>

or
<Attribute name="attribute-nane">attri bute-val ue</ Attri bute>

Also, while not shownin the abovelist, each chart node can havea<Tool Tip> node
asachild.
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Syntax Example

The chart tree

1 1
[ ChartTitle | ‘ AxisXY ‘

‘ [rata ‘ [ [rata J

is created from the following XML file.

<?xm version="1.0" encodi ng="UTF-8" standal one="no" ?>
<! DOCTYPE Chart PUBLIC "-//Visual Numerics//DTD JMSL Chart//EN' "http://
www. vni . comf product s/ jnsl/Chart. dtd">
<Chart >
<ChartTitle>
<Attribute nane="Title">Line Chart</Attribute>
<Attribute nane="FontSize" val ue="14"/>
<Attribute nane="FontStyle" val ue="3"/>
</ChartTitle>
<AXi sXY>
<Data y="{6,5,7,1}">
<Attribute name="LineCol or" val ue="bl ue"/>
<Attribute name="Li neWdth" val ue="2.0"/>
<Attribute name="Dat aType" val ue="DATA_TYPE_LI NE| DATA_TYPE_MARKER'/ >
<Attribute nanme="Marker Type" val ue="MARKER TYPE_HOLLOW SQUARE"/ >
<Attribute name="Title" value="Blue Line"/>
</ Dat a>
<Data y="{1,3,6,8}">
<Attribute name="MarkerCol or" val ue="darkbl ue"/>
<Attribute nane="Dat aType" val ue="DATA TYPE_MARKER'/ >
<Attribute nanme="Marker Type" val ue="MARKER TYPE_FI LLED ClI RCLE"/ >
<Attribute name="Title" val ue="Markers"/>
</ Dat a>
</ Axi sXY>
</ Chart >
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In the ChartTitle node there are three attributes defined: Title, FontSize and Font-
Style. The argument "y={6,5,7,1}" in the Data node is used to create an array
passed to the Data constructor.

Note that the attribute name must be specified using " name=", but that the
attribute’ s value can be either thevalue of a" val ue=" or the body of the attribute

tag.

Attribute Tags

Attribute tags can have either of two forms:
<Attribute name="attribute-nane" val ue="attri bute-val ue"/>

or
<Attribute name="attribute-nane">attri bute-val ue</Attri bute>

Thetype of an attribute’s value is determined by the return type of its getter
method. For example, if the attribute type is Foo, its type isthereturn type of the
O-argument method get Foo() defined in the node being defined or in one of its
ancestor nodes.

Symbolic names can be used for enumerated types. See “Enumerated Typesin
Chart XML Files” on page 137 for details.

Attribute values of thefollowing typescan be handled: String, Color, int or Integer,
double or Double, Doubl€[], boolean or Boolean, Image, Paint, or Locale.

Colors are either red, green, blue triplesin the range [0,255] or color names. For
example" 255, 215, 0" or"gol d".

A locale can be either the name of one of the static, public fieldsin Locale, such as
ENGLISH or of theform | anguage_country or
| anguage_country_vari ant . For example, " nl _BE" or " nl _BE_EURO'.

Attribute values of type Image and Paint are specified by giving the URL of an
image file, for example
"http://ww. googl e. confi mages/| ogo. gi f"

Asaspecia case, the URL protocol can be a classpath, for example
"cl asspath:/cominsl/exanpl e/ chart/ marker.gif"

Theimage is then loaded as a resource by the classloader using
get Resour ce(Stri ng) . Theclassloader used is the one used to load the
ChartXML class. This feature is used to load images from JAR files.
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Array Tags

The array tag is used to define data. Thei d argument is used to name the array.
Array tags can be nested to form multidimensional arrays. At the inner most level
the following tags are allowed.

e <String vaue=string/>
e <Color value=color/>

Thevalue of color can be either ared, green, bluetripleintherange[0,255] or color
names. For example " 255, 215, 0" or "gol d".

« <Datevalue=date style=style |ocale=locale/>

If the argument locale is specified, it is parsed the same as the locale argument in
the tag Attribute as described above. If the locale is not specified, then the default
localeis used.

If the argument style is SHORT, MEDI UM LONG or FULL, then the date is parsed
using the object Dat eFor mat . get Dat el nst ance (stylelocale). If styleis not
specified, then SHORT is assumed.

Style can also be a pattern used to construct a
Si npl eDat eOhj ect (stylelocale).

¢ <Number vaue=number/>
Numbers are parsed using Doubl e. val ueCf ( nunber) .
e <NumberList>number,...,number</NumberList> | <NumberList value=list/>

The body of thistag isacomma separated list of numbers. Each number is parsed
using Doubl e. val ueOf (nunber) .

The value arguments are optional. If omitted, the tag’s body is used instead.

Array Tags
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Array Tag Examples

Thefirst exampleis of athree-dimensional array called f oo.
<Array id="foo">
<Array>
<Array><Nunber Li st value="1, 2, 3"/ ></ Array>
<Array><Nunber Li st val ue="4,5, 6"/></ Array>
</ Array>
<Array>
<Array><Nunber Li st val ue="11, 12, 13"/ ></ Array>
<Array><Nunber Li st val ue="14, 15, 16"/ ></ Arr ay>
</ Array>
</ Array>

This corresponds to the Java declaration
double foo[][1[] = {{{21,2,3},{4,5,6}},{{11, 12, 13}, {14, 15, 16}}}

The second example is an array of three strings called st at es.
<Array id="states">

<String val ue="NJ"/>

<String val ue="TX"/>

<String val ue="CO'/ >
</ Array>

Thefinal exampleisan array of four colors, caled bg.
<Array id="bg">

<Col or val ue="yel |l ow'/ >

<Col or val ue="0, 128, 64"/ >

<Col or val ue="1i ght bl ue"/ >
<Col or val ue="yel |l ow'/ >
</ Array>

Creating a Chart from XML

Theclass ChartX ML creates achart tree from an XML file. It can be used directly
as an application to view an XML file. The following command displays the chart
described by the XML file filename. (This assumes that the CLASSPATH is cor-
rectly set up.)

java cominsl.chart.xm.Chart XM fil enane
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Interacting with an XML Created Chart

Theclass ChartXML can also be used to create achart tree within alarger Java pro-
gram. Theobject’'sget Chart () method is used to retreive the created chart
object. Theget ( St ri ng) methodisused to obtain objects created by array tags.

Enumerated Types in Chart XML Files

Inachart XML file, the following symbolic names can be used for enumerated val-
ues. Their numerical equivalents can also be used.

These enumerated types can be "or-ed" together. For example,
<Attribute nanme="DataType"
val ue=DATA_TYPE_LI NE| DATA_TYPE_MARKER'/ >

isallowed.

Marker Types

MARKER TYPE_PLUS

MARKER TYPE_ASTERI SK

MARKER TYPE_X

MARKER TYPE_HOLLOW SQUARE
MARKER TYPE_FI LLED SQUARE
MARKER TYPE_HOLLOW TRI ANGLE
MARKER TYPE_FI LLED TRI ANGLE
MARKER TYPE_HOLLOW DI AVOND
MARKER TYPE_FI LLED_DI AVOND
MARKER TYPE_DI AMOND_PLUS
MARKER TYPE_SQUARE_X

MARKER TYPE_SQUARE_PLUS
MARKER TYPE_OCTAGON_X
MARKER TYPE_OCTAGON_PLUS
MARKER TYPE_HOLLOW Cl RCLE
MARKER TYPE_FI LLED Cl RCLE
MARKER TYPE_CI RCLE_X
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MARKER TYPE_Cl RCLE_PLUS
MARKER TYPE_CI RCLE_Cl RCLE

Fill Types

FI LL_TYPE_NONE
FI LL_TYPE_SOLID
FI LL_TYPE_GRADI ENT
FI LL_TYPE_PAI NT

Text Alighments

TEXT_X_LEFT
TEXT_X_CENTER
TEXT_X_RI GHT
TEXT_Y_BOTTOM
TEXT_Y_CENTER
TEXT_Y_TOP

Font Styles

PLAI N
BOLD
| TALI C

Axis Parameters

AXI S_X

AXI S_X_TOP
AXI S_Y

AXI' S_Y_RI GHT
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Autoscale Parameters

AUTOSCALE_OFF
AUTOSCALE_DATA
AUTOSCALE_\W NDOW
AUTOSCALE_NUVBER

Axis Transforms

TRANSFORM LI NEAR
TRANSFORM LOG

Data Node Types

DATA_TYPE_LI NE
DATA_TYPE_MARKER
DATA_TYPE_FI LL
DATA_TYPE_PI CTURE

Label Types

LABEL_TYPE_NONE
LABEL_TYPE_TI TLE
LABEL_TYPE_Y
LABEL_TYPE_X
LABEL_TYPE_PERCENT

Bar Types

BAR_TYPE_VERTI CAL
BAR_TYPE_HORI ZONTAL
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Creating Charts from General XML Files Using XSLT

JMSL can create charts from XML files that are written using a particular set of
tags, but you can also generate charts from more general XML files. Thisis done
by using XSL Transformations (XSLT) to transform other types of XML filesinto
the type of XML filerequired by IMSL.

Example

Consider the following sales report in XML that does not use the tag names and
structure that IMSL requires.

<?xm version="1.0" encodi ng="UTF-8" ?>
<sal es>
<r egi on>
<name>Nort h Ameri ca</nane>
<anount >102. 890</ anpunt >
</regi on>
<r egi on>
<name>Eur ope</ nanme>
<anmount >87. 654</ amount >
</regi on>
<r egi on>
<nanme>Japan</ nane>
<anmount >93. 895</ amount >
</regi on>
<r egi on>
<name>Rest of Worl d</nane>
<anmount >37. 985</ amount >
</regi on>
</ sal es>

To create abar chart from this XML, it must be transformed into an XML file sim-
ilar to the following

<?xm version="1.0" encodi ng="UTF-8" 2>
<Chart >
<Array id="anmount">
<Nunber >102. 890</ Nunber >
<Nunber >87. 654</ Nunber >
<Nunber >93. 895</ Nunber >
<Nunber >37. 985</ Nunber >
</ Array>
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<Array id="region">
<String val ue="North America"/>
<String val ue="Europe"/>
<String val ue="Japan"/ >
<String val ue="Rest of World"/>
</ Array>
<Attribute nane="Font Nane" val ue="Serif"/>
<Attribute nane="FontSize" val ue="14"/>
<ChartTitle><Attribute nane="Title" value="Sales Chart"/></ChartTitl e>
<AXi sXY>
<AXi sY>
<AXisTitle><Attribute name="Title" value="Sales (in $nmllion)"/>
</Axi sTitle>
</ AXi sY>
<AXi sX>
<Axi sTitle><Attribute nane="Title" val ue="Region"/></AxisTitle>
</ AXi sX>
<Bar y="#anount">
<Attribute nane="BarType" val ue="BAR TYPE VERTI CAL"/>
<Attribute nane="Label s" val ue="#region"/>
<Attribute nane="Label Type" val ue="LABEL_TYPE Y"/>
<Attribute nane="Fill Col or" val ue="green"/>
<Attribute name="Text For mat " >$###. ###M</ At tri bute>
</ Bar >
</ Axi sXY>
</ Chart>
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Thefollowing XSLT file can be used to perform this transformation.

<?xm version="1.0" encodi ng="UTF-8" 2>

<xsl :styl esheet xm ns:xsl="http://ww. w3. org/ 1999/ XSL/ Tr ansf or n{
version="1.0">

<xsl : out put met hod="xm" indent="yes"/>

<xsl :tenplate match="/">
<Chart >
<Array id="region">
<xsl:for-each sel ect ="sal es/ regi on/ nane" >
<String><xsl:apply-tenpl ates/></String>
</ xsl : for-each>
</ Array>
<Array id="anmount">
<xsl:for-each sel ect ="sal es/ regi on/ anount " >
<Nunber ><xsl : appl y-t enpl at es/ ></ Number >
</ xsl : for-each>
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</ Array>

<Attribute nane="Font Name" val ue="Serif"/>

<Attribute nane="Font Size" val ue="14"/>

<ChartTitle><Attribute name="Title" value="Sales Chart"/></ChartTitle>
<AXi sXY>

<AXi sY>

<AxisTitl e>
<Attribute nane="Title" value="Sales (in $nmillion)"/>
</Axi sTitle>

</ Axi sY>
<AXi s X>

<Axi sTitle><Attribute nane="Title" val ue="Region"/></AxisTitle>

</ AXi sX>
<Bar y="#anount">

<Attribute nane="BarType" val ue="BAR TYPE VERTI CAL"/>
<Attribute nane="Label s" val ue="#region"/>

<Attribute nane="Label Type" val ue="LABEL_TYPE Y"/>
<Attribute nane="Fill Col or" val ue="green"/>
<Attribute nane="Text Format " >$###. ###M</ At tri but e>

</ Bar >

</ AXi sXY>

</ Chart >

</ xsl:tenpl at e>

</ xsl: styl esheet >

While acompletediscussion of XSLT isbeyond the scope of this manual, note that
most of the file isthe same asthe target. The XSL tags arein the"xsl" namespace.
Inthisexample, the key XSL tagsarethetwof or loopsthat reformat the data. For
instance, the region names are formatted by the fragment

<xsl :for-each sel ect ="sal es/regi on/ nane" >
<String><xsl:apply-tenplates/></String>
</ xsl:for-each>

where the path "sales/region/name" selects tagsin the original XML file and the
body of the tag

<String><xsl:apply-tenplates/></String>

is copied into the new file.

Thegiven XSL document will work for similar documents with different data, but
other XML document formats may require different XSL files.
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i mport
i mport
i mport
i mport
i mport
i mport
i mport
i mport
i mport

The Java code required to implement this transformation is:

cominsl.chart.JFraneChart;
cominsl.chart.xm . Chart XM;

j avax. xml . parsers. Docunent Bui | der Fact ory;
j avax. xnl . parser s. Docunent Bui | der ;

javax. xm . transf orm Transformer Factory;
javax. xm . transf orm Transforner;

j avax. xnml . transf orm dom DOMSour ce;

javax. xml . transf orm dom DOVResul t ;

org. w3c. dom Docunent ;

public class Sanpl eSal esTransform {
public static void main(String argv[]) throws Exception {

String filenaneXSL = argv[0];
String filenaneXM. = argv[1];

I/l Create an XML parser factory
Document Bui | der Factory factory = Docunent Bui | der Fact ory. newl nst ance();
factory. set NanespaceAwar e(true);

Docunent Bui | der buil der = factory. newDocumnent Bui |l der () ;

/'l Parse the XSL file as an XML file
Docunent docXSL = buil der. parse(fil enameXSL);
DOMSour ce sourceXSL = new DOMSour ce(docXSL) ;
sourceXSL. set System d(fi |l enaneXSL);

Il Create a transfornmati on based on the XSL file
Transformer Factory tFactory = TransfornmerFactory. newl nstance();
Transformer transforner = tFactory. newlransforner(sourceXSL);

[/l Parse the input XM. file

Docunent docXM. = buil der. parse(fil enameXM.);
DOMSour ce sourceXM. = new DOMSour ce(docXM.) ;
sourceXM.. set System d(fi |l enaneXM.);

/1 Transformthe input XM. file using the XSL transforner
DOVResult result = new DOVResult();
transformer.transforn{sourceXM, result);

Il Create a chart fromthe transforned XM
Chart XML chart XM_ = new Chart XM_((Docunent)resul t. get Node());
new JFrameChart (chart XM.. get Chart()).show();

This program takes two arguments, the names of the XSL and XML files, and cre-
atesaJM SL chart. Thetransformed XML exists only in memory and isnot written
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todisk. Thisclasswill work with any (correct) XSL and XML files; it isnot depen-
dent on the details of thisexample. In theinterests of simplicity, error handling and
validation is not implemented, as they should be for a production implementation.

Also, for simplicity, thisexampleisadesktop application. XML and XSLT aregen-
erally more useful as part of aserver-side Web application. The above code can be
used withcom i nsl . chart. JspBean to create a server-side XML/XSLT
solution.
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XML Examples

Line Chart (see page 146)
Axis Titles (see page 148)
Multiple Axes (see page 149)
Axis Offset (see page 151)
Rotated Labels (see page 153)
Pie Chart (see page 158)

Box Plot (see page 155)
Contour Chart (see page 160)
Large Bar Chart (see page 162)
Grouped and Stacked Bar Chart (see page 165)
Polar Plot (see page 167)

XML Example: Line Chart

Line Chart
2.00 *

7.00

100 ¢¥———F T T
n.on 0.50 1.00 1.50 2.00 2.50 300

<?xm version="1.0" encodi ng="UTF-8" standal one="no" ?>
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<! DOCTYPE Chart PUBLIC “-//Visual Numerics//DTD JMSL Chart//EN' “http://
www. vni . comf products/jnsl/Chart. dtd” >

<Chart >
<ChartTitle>

<Attribute name="Titl e’>Li ne Chart</Attri bute>
<Attribute nane="FontSize” val ue="14"/>
<Attribute nane="FontStyle” val ue="3"/>

</ ChartTitle>
<AXi sXY>

<Data y="{6,5,7,1}">

<Attribute
<Attribute

nane="Li neCol or” val ue="bl ue”/ >
nanme="Li neWdth” val ue="2.0"/>

<Attribute name="Dat aType” val ue=" DATA_TYPE_LI NE| DATA_TYPE_MARKER'/ >

<Attribute

<Attribute

<Tool Ti p/ >
</ Dat a>

name=" Mar ker Type” val ue=" MARKER TYPE HOLLOW SQUARE"/ >
nane="Titl e” value="Blue Line"/>

<Data y="{1,3,6,8}">

<Attribute
<Attribute
<Attribute
<Attribute
<Tool Ti p/ >
</ Dat a>
</ AXi sXY>
</ Chart >

nanme=" Mar ker Col or” val ue="dar kbl ue”/ >

name="Dat aType” val ue="DATA TYPE_MARKER'/ >

name=" Mar ker Type” val ue=" MARKER TYPE_FI LLED_Cl RCLE"/ >
name="Title" val ue="Markers”/>

XML Examples
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XML Example: Axis Titles

Axis Titles
emp ¢ 60 °

The Y-Axis

1.00 T T T | T T T T T T T T T T
0.00 0.50 1.00 1.50 2.00 2.50 3.00
The X-Axis ft/s

<?xm version="1.0" encodi ng="UTF-8" standal one="no" ?>
<I DOCTYPE Chart PUBLIC “-//Visual Numerics//DTD JMSL Chart//EN' “http://
www. vni . comf products/jnsl/ Chart. dtd” >

<Chart >
<Attribute nane="Font Name” val ue="Serif”/>

<ChartTitle>
<Attribute name="Title">Axis Titles</Attribute>

<Attribute nane="FontSize” val ue="14"/>
<Attribute nane="FontStyle” val ue="3"/>
</ChartTitle>

<AXi sXY>
<AXi sX>
<AXisTitle>
<Attribute nane="Title"” val ue="The X- Axis"/>
<Attribute nane="Text Col or” val ue="brown”/>
<Attribute nane="Font Style” val ue="|1TALIC'/>
</ Axi sTitle>
<AXi sUnit><Attri bute nane="Title” value="ft/s"/></AxisUnit>
</ Axi sX>
<AXi sY>
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<AXi sTitl e>
<Attribute nanme="Title"” val ue="The Y-Axis"/>
<Attribute name="Text Col or” val ue="red”/>
<Attribute nane="Font Style” val ue="BOLD'/ >
</ AxisTitle>
<Axi sUnit><Attribute name="Title” val ue="tenp”/></Axi sUnit>
</ AXi sY>
<Data y="{6,5,7,1}">
<Attribute name="LineCol or” val ue="bl ue”/>
<Attribute name="Li neWdth” val ue="2.0"/>
<Attribute name="Dat aType” val ue=" DATA_TYPE_LI NE| DATA_TYPE_MARKER'/ >
<Attribute name="Marker Type” val ue=" MARKER_TYPE_HOLLOW SQUARE"/ >
</ Dat a>
<Data y="{1,3,6,8}">
<Attribute name="MarkerCol or” val ue="darkbl ue”/>
<Attribute nane="Dat aType” val ue="DATA TYPE_MARKER'/ >
<Attribute name="Marker Type” val ue=" MARKER TYPE_FI LLED ClI RCLE"/ >
</ Dat a>
</ Axi sXY>
</ Chart >

XML Example: Multiple Axes

+ Red Axis
000 050 100 150 200 250 300 | BlueAxis
70.00 P T R T PR TR T [N N ST TN « = NN TN WO SO N TR N - 8.00
60.00 P 7.00
. - 6.00
50.00 [
] - 5.00
40.00 i
] - 4.00
30.00 I
] - 3.00
20.00 7 - 2.00
10.00 —— T T T T T 1 T T ———# 100

10.00 15.00 20.00 25.00 30.00 35.00 40.00
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<?xm version="1.0" encodi ng="UTF-8" standal one="no" ?>
<! DOCTYPE Chart PUBLIC “-//Visual Numerics//DTD JMSL Chart//EN' “http://
www. vni . comf products/jnsl/ Chart.dtd” >

<Chart >
<Legend>
<Attribute nane="Paint” value="true"/>
<Attribute nane="Viewport” val ue="0.83,1.0,0.1,0.3"/>
</ Legend>
<AXi sXY>

<Attribute nane="Viewport” val ue="0.13,0.75,0.2,0.8"/>
<Attribute nane="LineCol or” value="red"/>
<Attribute nane="Mar ker Col or” value="red"”/>
<Attri bute nane="Text Col or” val ue="red”/ >
<Data x="10, 20, 30, 40" y="60, 50, 70, 10" >
<Attribute nane="LineWdth” value="2.0"/>
<Attribute name="Dat aType” val ue=" DATA_TYPE_LI NE| DATA_TYPE_MARKER'/ >
<Attribute nane="Marker Type” val ue=" MARKER_TYPE_HOLLOW SQUARE"/ >
<Attribute nane="Title"” value="Red Axis"/>
<Tool Ti p/ >
</ Dat a>
</ AXi sXY>
<AXi sXY>
<Attribute nane="Viewport” val ue="0.13,0.75,0.2,0.8"/>
<Attribute nane="LineCol or” val ue="bl ue”/>
<Attribute nane="Marker Col or” val ue="bl ue”/ >
<Attri bute nanme="Text Col or” val ue="blue”/>
<AXi s X>
<Attribute nane="Type” val ue="AXI S X TOP"/>
</ Axi sX>
<AXi sY>
<Attribute nane="Type” value="AXIS_ Y _R GHT"/>
</ Axi sY>
<Data y="1,8,3,7">
<Attribute name="Dat aType” val ue=" DATA_TYPE_LI NE| DATA_TYPE_MARKER'/ >
<Attribute nane="Marker Type” val ue=" MARKER TYPE_FI LLED ClI RCLE"/ >
<Attribute nane="Title” value="Blue Axis"/>
<Tool Ti p/ >
</ Dat a>
</ AXi sXY>
</ Chart >
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XML Example: Axis Offset

8.00
7.00
6.00
5.00
4.00
3.00

2.00

1.00

0.00 0.50 1.00 1.50 2.00 2.50 3.00
Blue X

<?xm version="1.0" encodi ng="UTF-8" standal one="no" ?>
<! DOCTYPE Chart PUBLIC “-//Visual Numerics//DTD JMSL Chart//EN' “http://
www. vni . comf products/jnsl/Chart.dtd” >
<Chart >
<AXi sXY>

<Attribute nane="Viewdort” value="0.3,0.9,0.1,0.7"/>

<Attribute nane="LineCol or” val ue="gold"/>

<Attribute nane="MarkerCol or” val ue="gold"/>

<Attribute nane="TextCol or” val ue="gol d"/>

<AXi sX><Axi sTitl e><Attribute name="Titl e” val ue="Cold X'/></AxisTi -
tl e></ Axi sX>

<AXi sY><Axi sTitl e><Attribute name="Title” val ue="Cold Y"/></AxisTi -
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tl e></ Axi sY>
<Data x="10, 20, 30, 40" y="60, 50, 70, 10" >
<Attribute nane="LineWdth” value="2.0"/>
<Attribute name="Dat aType” val ue=" DATA_TYPE_LI NE| DATA_TYPE_MARKER'/ >
<Attribute nane="Marker Type” val ue=" MARKER_TYPE_HOLLOW SQUARE"/ >
<Attribute nane="Title” value="CGold Axis"/>
</ Dat a>
</ AXi sXY>
<AXi sXY>
<Attribute nane="Cross” value="-0.75,-0.2"/>
<Attribute nane="Viewport” value="0.3,0.9,0.1,0.7"/>
<AXi sX><Axi sTitl e><Attri bute name="Titl e” val ue="Blue X'/></AxisTi-
tl e></ Axi sX>
<AXi sY><AXxi sTitl e><Attri bute name="Titl e” val ue="Blue Y"/></AxisTi-
tl e></ Axi sY>
<Attribute nane="LineCol or” val ue="bl ue”/>
<Attribute nane="Marker Col or” val ue="bl ue”/ >
<Attribute nane="Text Col or” val ue="bl ue”/ >
<Data y="1,8,3,7">
<Attribute name="Dat aType” val ue=" DATA_TYPE_LI NE| DATA_TYPE_MARKER'/ >
<Attribute nane="Marker Type” val ue=" MARKER TYPE_FI LLED ClI RCLE"/ >
<Attribute nane="Title” value="Blue Axis"/>
</ Dat a>
</ AXi sXY>
</ Chart >
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XML Example: Rotated Labels

Chart With Labels
8.00
7@&“ Line A
\;\“ + Line B
and more
6.00
J ® Circle
5.00
4.00
3.00
2.00 o
Ny
. o
i «®
100 T T T T T T T T T T T T

0.00 0.50 1.00 1.50 2.00 2.50 3.00

<?xm version="1.0" encodi ng="UTF-8" standal one="no" ?>
<! DOCTYPE Chart PUBLIC “-//Visual Numerics//DTD JMSL Chart//EN' “http://
www. vni . comf products/jnsl/Chart.dtd” >
<Chart >
<ChartTitle>
<Attribute nane="Title">Chart Wth Label s</Attribute>
<Attribute nane="FontSize” val ue="14"/>
<Attribute nane="FontStyle” value="3"/>
</ChartTitl e>
<Legend>
<Attribute nane="Paint” value="true"/>
<Attribute nane="TextCol or” value="red"/>
<Attribute nane="Fill Type” val ue="FILL_TYPE_SOLID'/>
</ Legend>
<AXi sXY>
<Attribute nane="d i pData” val ue="fal se”/>
<Data y="{6,5,7,1}">
<Attribute name="Label Type” val ue="LABEL_TYPE_TI TLE"/>
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<Attribute nane="Text Angle” val ue="45"/>
<Attribute nane="LineCol or” val ue="bl ue”/>
<Attribute nane="LineWdth” value="2.0"/>
<Attribute name="Dat aType” val ue=" DATA_TYPE_LI NE| DATA_TYPE_MARKER'/ >
<Attribute nane="Marker Type” val ue=" MARKER_TYPE_HOLLOW SQUARE"/ >
<Attribute nane="TextCol or” val ue="bl ue”/>
<Attribute nane="Font Style” val ue="3"/>
<Attribute nane="Title"><![ CDATA[ Li ne A

Line B
and nore]]></Attribute>
</ Dat a>
<Data y="{1,3,6,8}">
<Attribute nane="MarkerCol or” val ue="darkbl ue”/ >
<Attribute nane="Dat aType” val ue="DATA TYPE_MARKER'/ >
<Attribute nane="Marker Type” val ue=" MARKER TYPE_FI LLED ClI RCLE"/ >
<Attribute nane="Title” value="Circle"/>
</ Dat a>
</ AXi sXY>
</ Chart>
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XML Example: Box Plot

Petal Width —|HIE o —
Petal Length — e
Sepal Width — o—{ (| —we
Sepal Length I—| I |—|
Species I
T T T T 1
0.00 2.00 4.00 6.00 8.00

<?xm version="1.0" encodi ng="UTF-8" standal one="no" ?>
<! DOCTYPE Chart PUBLIC “-//Visual Numerics//DTD JMSL Chart//EN' “http://
www. vni . comf products/jnsl/Chart. dtd” >
<Chart >
<Array id="ozone">
<Array>
<Nunber Li st >
66.0, 52.0, 49.0, 64.0, 68.0, 26.0, 86.0, 52.0,
43.0, 75.0, 87.0, 188.0, 118.0, 103.0, 82.0,
71.0, 103.0, 240.0, 31.0, 40.0, 47.0, 51.0, 31.0,
47.0, 14.0, 71.0
</ Nunber Li st >
</ Array>
<Array>
<Nunber Li st >
61.0, 47.0, 196.0, 131.0, 173.0, 37.0, 47.0,
215.0, 230.0, 69.0, 98.0, 125.0, 94.0, 72.0,
72.0, 125.0, 143.0, 192.0, 122.0, 32.0, 114.0,

XML Examples JMSL Charting Programmer’s Guide « 155



32.0, 23.0, 71.0, 38.0, 136.0, 169.0
</ Nunber Li st >
</ Array>
<Array>
<Nunber Li st >
152.0, 201.0, 134.0, 206.0, 92.0, 101.0, 119.0,
124.0, 133.0, 83.0, 60.0, 124.0, 142.0, 124.0, 64.0,
75.0, 103.0, 46.0, 68.0, 87.0, 27.0,
73.0, 59.0, 119.0, 64.0, 111.0
</ Nunber Li st >
</ Array>
<Array>
<Nunber Li st >
80.0, 68.0, 24.0, 24.0, 82.0, 100.0, 55.0, 91.0,
87.0, 64.0, 170.0, 86.0, 202.0, 71.0, 85.0, 122.0,
155.0, 80.0, 71.0, 28.0, 212.0, 80.0, 24.0,
80.0, 169.0, 174.0, 141.0, 202.0
</ Nunber Li st >
</ Array>
<Array>
<Nunber Li st >
113.0, 38.0, 38.0, 28.0, 52.0, 14.0, 38.0, 94.0,
89.0, 99.0, 150.0, 146.0, 113.0, 38.0, 66.0, 38.0,
80.0, 80.0, 99.0, 71.0, 42.0, 52.0, 33.0, 38.0,
24.0, 61.0, 108.0, 38.0, 28.0
</ Nunber Li st >
</ Array>
</ Array>
<Array id="nmonths”><String val ue="My”/><String val ue="June”/><String
val ue="July”"/><String val ue="August”/><Stri ng val ue="Sept enber "/ ></ Arr ay>
<Array id="grad”><Col or val ue="yel | ow'/><Col or val ue="1i ght bl ue”/ ><Col or
val ue="11ightbl ue”/><Col or val ue="yel |l oW/ ></ Array>

<ChartTitle><Attribute nane="Title" val ue="COzone Levels in Stanford by
Mont h”/></ ChartTitl e>
<AXi sXY>
<BoxPl ot obs="#ozone" >
<Attribute nane="BoxPl ot Type” val ue=" BOXPLOT_TYPE_HORI ZONTAL"/ >
<Attribute nane="Label s” val ue="#nonths”/>
<Attribute nane="Notch” value="true"/>
<Attribute nane="Proportional Wdth” val ue="true"/>
<Bodi es>
<Attribute nane="Fill Type” val ue="FILL_TYPE_GRADI ENT"/ >
<Attribute nane="Gradi ent” val ue="#grad"/>
</ Bodi es>
<Cut si deMar ker s>
<Attri bute nane="Marker Type” val ue=" MARKER _TYPE_HOLLOW Cl RCLE"/ >
<Attribute nane="MarkerCol or” val ue="purple”/>
</ Qut si deMar ker s>
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<Far Mar ker s>
<Attribute nane="Marker Type” val ue=" MARKER TYPE_ASTERI SK"/ >
<Attribute nane="MarkerCol or” val ue="red"/>
</ Far Mar ker s>
<Whi sker s>
<Attribute nane="Marker Col or” val ue="dar kgreen”/ >
</ Wi sker s>
</ BoxPl ot >
<AXi sY>
<AXisTitle><Attribute nane="Title” value="Mnth"/></AxisTitl e>
</ Axi sY>
<AXi s X>
<AXisTitle><Attribute nane="Titl e” val ue="0Ozone Level "/ ></ Axi sTitl e>
<Attribute nane="TextFormat” val ue="#"/>
</ Axi sX>
</ AXi sXY>
</ Chart >
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XML Example: Pie Chart

Pie Chart

Blue

<?xm version="1.0" encodi ng="UTF-8" standal one="no" ?>
<! DOCTYPE Chart PUBLIC “-//Visual Numerics//DTD JMSL Chart//EN' “http://
www. vni . comf products/jnsl/ Chart. dtd” >
<Chart >
<ChartTitle>
<Attribute nane="Title">Pie Chart</Attribute>
<Attribute nane="FontSize” val ue="14"/>
<Attribute nane="FontStyle” val ue="3"/>
</ChartTitl e>
<Pie y="{6,5,7,1}">
<Attribute nane="Label Type” val ue="LABEL_TYPE TITLE"/>
<Attribute nane="Expl ode” value="0.1"/>
<Pi eSli ce index="0">
<Attribute nane="Fill Col or” val ue="green”/>
<Attribute nane="Title" value="G een"/>
<Tool Ti p/ >
</PieSlice>
<Pi eSlice index="1">
<Attribute nane="Fill Col or” value="red"/>
<Attribute nane="Title" value="Red"/>
<Tool Ti p/ >
</PieSlice>
<Pi eSli ce index="2">

Red
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<Attribute name="Fill Col or” val ue="bl ue”/ >
<Attribute nanme="Title” value="Blue"/>
<Tool Ti p/ >

</PieSlice>

<Pi eSli ce i ndex="3">
<Attribute nanme="Fill Col or” val ue="yell ow'/>
<Attribute nane="Title” value="Yell ow/>
<Tool Ti p/ >

</PieSlice>

</ Pi e>
</ Chart >
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XML Example: Contour Chart

.- 0.40

0.60

I- 0.80

0.00 0.20 0.40

<?xm version="1.0" encodi ng="UTF-8" standal one="no" ?>
<I DOCTYPE Chart PUBLIC “-//Visual Nunerics//DTD JMSL Chart//EN “http://
www. vni . com product s/jmsl/Chart.dtd” >
<Chart >
<Array id="x"><NunberlList>5, 3,1, 2, 4</ Nunber Li st ></ Arr ay>
<Array id="y"><NunberlList>1, 2, 3, 4, 5</ Nunber Li st ></ Arr ay>
<Array id="z"><NunberlList>26, 28, 27, 29, 25</ Nunber Li st ></ Arr ay>

<ChartTitle><Attribute nane="Title"” val ue="Scattered Data Contour Plot”/
></ChartTitle>
<AXi sXY>
<Contour xGrid="#x" yGid="#y” zData="#z">
<Cont our Legend>
<Attribute nane="Paint” val ue="true"/>
</ Cont our Legend>
<Cont our Level index="5">
<Attribute nane="Fill Col or” val ue="green”/>
</ Cont our Level >
</ Cont our >
<Data x="#x" y="#y">
<Attri bute nane="DataType” val ue=" DATA_TYPE_MARKER'/ >
<Attribute nane="Marker Type” val ue=" MARKER TYPE_FI LLED Cl RCLE"/ >
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<Attri bute nane="Marker Col or” value="red"”/>
</ Dat a>
</ AXi sXY>
</ Chart >
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XML Example: Bar Chart of States

Population of the United States
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<?xm version="1.0" encodi ng="UTF-8" standal one="no" ?>
<! DOCTYPE Chart PUBLIC “-//Visual Numerics//DTD JMSL Chart//EN' “http://
www. vni . comf products/jnsl/ Chart.dtd” >
<Chart >
<!-- Data fromhttp://wwm. census. gov/ popul ati on/ esti mat es/ st at e/ st -99-
3.txt -->
<Array id="popul ati on”>
<Nunber Li st >
4369862, 619500, 4778332, 2551373, 33145121, 4056133, 3282031, 753538
519000, 15111244, 7788240, 1185497, 1251700, 12128370, 5942901, 2869413
2654052, 3960825, 4372035, 1253040, 5171634, 6175169, 9863775, 4775508
2768619, 5468338, 882779, 1666028, 1809253, 1201134, 8143412, 1739844,
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18196601, 7650789, 633666, 11256654, 3358044, 3316154, 11994016,
990819, 3885736, 733133, 5483535, 20044141, 2129836, 593740, 6872912,

5756361, 1806928, 5250446, 479602

</ Nunber Li st >

</ Array>

<Array id="states”>

<Stri
<Stri
<Stri
<Stri
<Stri
<Stri
<Stri
<Stri
<Stri
<Stri
<Stri
<Stri
<Stri
<Stri
<Stri
<Stri
<Stri
<Stri
<Stri
<Stri
<Stri
<Stri
<Stri
<Stri
<Stri
<Stri
<Stri
<Stri
<Stri
<Stri
<Stri
<Stri
<Stri
<Stri
<Stri
<Stri
<Stri
<Stri
<Stri
<Stri
<Stri
<Stri
<Stri

ng
ng
ng
ng
ng
ng
ng
ng
ng
ng
ng
ng
ng
ng
ng
ng
ng
ng
ng
ng
ng
ng
ng
ng
ng
ng
ng
ng
ng
ng
ng
ng
ng
ng
ng
ng
ng
ng
ng
ng
ng
ng
ng

val ue=" Al abama”/ >

val ue=" Al aska”/ >

val ue="Ari zona”/ >

val ue=" Ar kansas”/ >
value="California"/>
val ue=" Col or ado”/ >
val ue=" Connecticut”/ >
val ue="Del awar e”/ >

value="Di strict of Colunbia”/>

val ue="Fl ori da”/ >

val ue="CGeorgi a"/ >

val ue="Hawai i "/ >

val ue="1daho”/ >
value="111inois"/>

val ue="1ndi ana”/ >

val ue="1owa"/ >

val ue=" Kansas”/ >

val ue="Kent ucky”/ >

val ue="Loui si ana”/ >

val ue=" Mai ne”/ >

val ue="Maryl and”/ >

val ue=" Massachusetts”/ >
val ue="M chi gan”/ >

val ue="M nnesota”/ >

val ue="M ssi ssi ppi "/ >
val ue="M ssouri”/ >

val ue=" Mont ana”/ >

val ue=" Nebraska”/ >

val ue=" Nevada”/ >

val ue=" New Hanpshire”/>
val ue="New Jer sey” />

val ue=" New Mexi co”/>
val ue="New Yor k”/ >

val ue="North Carolina”/>
val ue=" Nort hDakot a”/ >
val ue="Chi 0"/ >

val ue=" &l ahoma” / >

val ue="Or egon”/ >

val ue=" Pennsyl vani a"/ >
val ue=" Rhode | sl and”/>
val ue="South Carolina”/>
val ue="Sout h Dakota”/>
val ue="Tennessee”/ >
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<Stri
<Stri
<Stri
<Stri
<Stri
<Stri
<Stri
<Stri
</ Array>

ng
ng
ng
ng
ng
ng
ng
ng

val ue="Texas”/ >

val ue="U ah”/ >

val ue="Vernont "/ >

val ue="Virginia"/>

val ue="Washi ngton” />
val ue="\West Virginia”/>
val ue="W sconsin”/ >

val ue="Womni ng”/ >

<Attribute nane="Text Col or” val ue="blue”/>

<Backgr ound>

<Attribute nane="Fill Col or” value="white"/>
<Attribute nane="Font Size” val ue="24"/>
</ Backgr ound>

<ChartTitle>

<Attribute nane="Title”>Popul ation of the United States</Attribute>
<Attribute nane="FontSize” val ue="24"/>
<Attribute nane="FontStyle” value="3"/>

</ChartTitle>

<AXi sXY>
<AXi s

Y>

<AXisTitl e><Attribute name="Titl e” val ue="Popul ati on”/></Axi sTitl e>
<Attribute name="Text For mat " >###, ###</ Attri but e>

</ Axi sY>

<AXi s

x>

<Axi sTitle><Attribute name="Title"” value="State”/></ AxisTitl e>
<Axi sLabel ><Attri bute nane="Text Angl e’ val ue="270"/></ Axi sLabel >

</ Axi sX>

<Bar y="#popul ati on”>
<Attribute nane="Bar Type” val ue="BAR TYPE_VERTI CAL"/ >
<Attribute nane="Label s” val ue="#states”/>
<Attribute nane="Fill Col or” value="red"/>
<Attribute nane="FillQutlineType” val ue="FI LL_TYPE_NONE’/ >
<Attribute nane="Label Type” value="LABEL_TYPE Y"/>
<Attribute nane="Text Angle” val ue="270"/>
<Attribute nane="Text Format” val ue="0.00EO"/>
<Attribute nane="FontSize” val ue="10"/>

</ Bar
</ AXi sXY>
</ Chart >

>
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XML Example: Bar Chart

Vertical Bar Chart
$million) 30.00 —
25.00 M Bjye
J M Red
1 B Green
20.00 7 O S
B ]
S15.00 ]
10.00
5.00
0.00
NJ TX cO
State

<?xm version="1.0" encodi ng="UTF-8" standal one="no" ?>
<I DOCTYPE Chart PUBLIC “-//Visual Nunerics//DTD JMSL Chart//EN “http://
www. vni . com product s/ jmsl/Chart.dtd” >
<Chart >
<Array id="foo">
<Array>
<Array><Number Li st val ue="1, 2, 3"/ ></ Array>
<Array><Number Li st val ue="4,5,6"/></Array>
</ Array>
<Array>
<Array><Number Li st val ue="11, 12, 13"/ ></ Array>
<Array><Number Li st val ue="14, 15, 16"/ ></ Array>
</ Array>
</ Array>
<Array id="states”><String value="NJ"/><String value="TX"/><Stri ng
val ue="CO'/ ></ Arr ay>
<Array id="bg"”><Col or val ue="1i ght bl ue”/ ><Col or val ue="11i ght bl ue”/ ><Col or
val ue="yel | ow'/ ><Col or val ue="yel |l ow'/ ></ Arr ay>

<Attribute nane="Font Name” val ue="Serif”/>
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<Attribute nane="FontSize” val ue="14"/>

<ChartTitle><Attribute name="Title” value="Vertical Bar Chart”/></

ChartTitle>

<Backgr ound>
<Attribute nane="Gadient” val ue="#bg"/>

</ Backgr ound>

<Legend>
<Attribute nane="Paint” value="true"/>
<Attribute nane="Fill Col or” value="yell ow'/>
<Attribute nane="Fill Type” val ue="FILL_TYPE_SOLID'/>

</ Legend>
<AXi sXY>
<AXi sY>
<Axi sTitle><Attribute name="Title"” value="Sal es”/></ AxisTitl e>
<Axi sUnit>
<Attribute nane="Title” value="(in $mllion)”/>
<Attribute nane="Font Style” val ue="|1TALIC'/>
</ Axi sUni t >
</ AXi sY>
<AXi sX>

<AXisTitle><Attribute nanme="Title” value="State"/></AxisTitl e>

</ AXi sX>
<Bar x="{0,1,2}"” y="#fo0">
<Attribute nane="Bar Type” val ue="BAR TYPE VERTI CAL"/>
<Attribute nane="Label s” val ue="#states”/>
<Bar Set i ndex="{0, 0}">
<Attribute nane="Fill Col or” val ue="bl ue”/ >
<Attribute nane="Title"” val ue="Bl ue"/>
</ Bar Set >
<Bar Set index="{0, 1}">
<Attribute nane="Fill Col or” val ue="red”/>
<Attribute nane="Title"” val ue="Red"/>
</ Bar Set >
<Bar Set index="{1, 0}">
<Attribute nane="Fill Col or” val ue="green”/>
<Attribute nane="Title” val ue="Geen”/>
</ Bar Set >
<Bar Set index="{1, 1}">
<Attribute nane="Fill Col or” val ue="cyan”/>
<Attribute nane="Title"” val ue="Cyan"/>
</ Bar Set >
</ Bar >
</ AXi sXY>
</ Chart>
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XML Example: Polar Plot

Polar Plot
90°

135° 45°

-135° -45°

-90°

<?xm version="1.0" encodi ng="UTF-8" standal one="no" ?>
<! DOCTYPE Chart PUBLIC “-//Visual Numerics//DTD JMSL Chart//EN' “http://
www. vni . comf products/jnsl/Chart. dtd” >
<Chart >
<ChartTitle>
<Attribute nanme="Title”>Polar Plot</Attribute>
<Attribute nane="FontSize” val ue="14"/>
<Attribute nane="FontStyle” value="3"/>
</ChartTitl e>

<Pol ar >
<Attribute nane="LineCol or” val ue="gold"/>
<AXi sR>
<Attribute nanme="LineCol or” val ue="orange"/>
<AXi sRLi ne>

<Attribute nane="LineWdth” val ue="3"/>
</ Axi sRLi ne>
<Axi sRMvmj or Ti ck>

<Attribute nane="LineWdth” val ue="3"/>
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</ Axi sRMaj or Ti ck>

</ Axi sR>

<AXxi sThet a>
<Attribute nane="W ndow' val ue="{-2.35619449019, 2. 35619449019}"/ >
<Attribute nanme="Nunber” val ue="7"/>
<Attribute nane="Text Col or” val ue="red”/>

</ Axi sThet a>

<G i dPol ar >
<Attribute nane="LineCol or” val ue="Ilightgreen”/>

</ Gri dPol ar >

<Data x="{1.50,1.42,1.21,0.88,0.50,0.12,-0.21,-0.42,-0.50}"

y="{0.00,0.39,0.79,1.18,1.57,1.96,2.36,2.75,3.14}">
<Attribute nane="LineCol or” val ue="bl ue”/>
<Attribute name="Dat aType” val ue=" DATA_TYPE_LI NE| DATA_TYPE_MARKER'/ >

<Attribute nane="Marker Type” val ue=" MARKER _TYPE_HOLLOW SQUARE"/ >
<Attribute nane="Title” value="Blue Line"/>
<Tool Ti p/ >

</ Dat a>

</ Pol ar >
</ Chart>
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Chapter 5: Actions

JMSL supports the following actions:;
e “Picking” on page 169

e “Zoom’ onpage 172

e “Printing” on page 178

e “Serialization” on page 180

Picking

The pick mechanism allows MouseEvents to be associated with chart nodes. The
pick mechanism follows the Java listener pattern.

The class that is to handle the pick events implements the
cominsl.chart. Pi ckLi st ener interface. This requires the implementa-
tion of the method pi ckPer f or mred( Pi ckEvent).

The PickListener is then added to a chart node, using the node's
addPi ckLi st ener method.

A pick is fired by calling the method pi ck( MouseEvent ) inthetop-level Chart
node. Normally thisis done in response to a mouse click. Mouse clicks can be
detected by implementing the MouseL istener interface and adding it to the chart’s
container.
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Example
In this example, when abar isclicked it togglesits color between blue and red.

A Mouselistener isimplemented as an inner class. Its noused i cked method
callschart. pi ck(MouseEvent).

The class SamplePick implementsthe PickListener interface. It isnot aninner class
only because of thesize of thepi ckPer f or med method. Thepick listener isadded
to the chart node bar. This meansthat it is active for that node and its children but
is not active for the axes and other nodes.

i mport cominsl.chart.*;

i mport j

ava. aw . Col or;

public class Sanpl ePi ck extends JFraneChart inplements PickListener {

static private final double Xx[]
static private final double y[]

publ

publ

{o, 1, 2, 3};
{4, 1, 2, 5};

ic Sampl ePick() {

/'l Create a bar chart

Chart chart = getChart();

Axi sXY axis = new AxisXY(chart);

Bar bar = new Bar(axis, X, y);

bar . set Bar Type( Bar . BAR_TYPE_VERTI CAL) ;
bar . set Label s(new String[]{“A","B","C"});
bar . set Fi || Col or (Col or. bl ue);

/1 Add the pick listener to the bar
bar . addPi ckLi st ener (this);

/'l Add the nouse |istener
addMobuseli st ener (new j ava. awm . event . MouseAdapter () {
public void nouseClicked(java. aw . event. MouseEvent event) ({
get Chart (). pick(event);
}
1)

ic void pickPerforned(Pi ckEvent event) {

/'l Track the nunber of hits on this bar

Chart Node node = event. get Node();

int count = node.getlntegerAttribute(“pick.count”, 0);
count ++;

node. set Attri bute(“pick.count”, new I nteger(count));

/'l Change the bar’s col or depending on the nunber of tines
/1 it has been picked.
Col or color = ((count%®?==0) ? Color.blue : Color.red);
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node. setFil | Col or (col or);
node. set Li neCol or (col or);
repaint () ;

}

public static void main(String argv[]) {
new Sanpl ePi ck(). set Visi bl e(true);

}
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Zoom

JMSL provides the functionality to implement a variety of zoom policiesinstead
of implementing a single specific zoom policy. The following example shows how
to build a zoom policy that draws a rubber-band box in a scatter plot and zooms
both the x-axis and y-axis to correspond to the region selected. Zoom out is also
implemented.

This code can be used asthe basis of an implementation of other zoom policies. For
example, with afunction plot one might want to only change the x-axisin response
to azoom and leavethey-axisalone. In other situationsit may be desirable to zoom
in or out a fixed amount around the location of a mouse click.

Example

In the constructor:
« A scatter plot is created,
e Zoom items are added to the main menu,

A MouselListener is added to the panel. A JFrameChart contains a number of
components, including a JPanel in which the chartisdrawn. It isimportant that
the MouseListener be added to the component in which the chart is drawn, so
that the M ouseEvent coordinates are the same as the device coordinates of the
chart.

A mouse press event starts the zoom. In response to the event aMouseMotionLis-
tener is added to the panel to listen for mouse drag events. The location of this
initial event is also recorded.

A mouse drag event resi zes the area of the zoom. In response, the old rubber-band
box iserased and anew box isdrawn. The new box hastheinitial mouse pressloca-
tion as one corner and this drag event location as the opposite corner. Thelocation
of thisevent is stored in (xLast ,yLast ).
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A mouse rel ease event completes the zoom. In response,
» The MouseMationListener is removed from the panel,

» Theexisting Window attributes for the x-axis and y-axis are saved on a stack.
They may be used later to zoom out.

e The new Window is computed. The Window isthe range, in user coordinates,
aong an axis. The method Axi s. mapDevi ceToUser isused to map the
device (pixel) coordinates to the user coordinate space. The new windows are
constrained to be inside of the existing window.

e Autoscaling isturned off, so that the new Window values will be used without
further modification.

e Thechart isredrawn with the new windows.

The menu items, added by the constructor to the main menu, can be used to zoom
out. The added menu itemsadded "t hi s" asan ActionListener, sotheact i on-
Per f or med method is called when these menu items are selected. The

act i onPer f or med method implements " Qut " by popping previous Window
attribute values off a stack. It implements " Rest or e" by re-enabling autoscaling.

i mport cominsl.chart.*;

i mport java.aw.*;

i mport java.aw .event.*;

i mport java.util. Stack;

i mport j avax.swi ng. JMenu;

i mport javax.sw ng.JMenultem

public class Sanpl eZoom ext ends JFraneChart
i mpl ements MouselLi stener, MouseMdti onLi stener, ActionlLi stener {
private javax.sw ng.JPanel panel;
private Axi sXY axis;
private int xFirst, yFirst;
private int xLast, ylast;
private Stack st ack;

publ i ¢ Sanpl eZzoom() {

/Il create a scatter plot with some random points
Chart chart = getChart();

axi s = new Axi sXY(chart);

int n = 1000;

doubl e x[]
doubl e y[]
for (int k

new doubl e[ n] ;

new doubl e[ n] ;

0; k <n; k++) {
10. *Mat h. random() ;
10. *Mat h. random() ;

x[ k]
y[k]
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Data data = new Data(axis, X, Y);
dat a. set Dat aType( Dat a. DATA_TYPE_MARKER) ;

/'l add menu “Zooni nenu

JMenu j MenuZoom = new JMenu(“Zoont);
j MenuZoom set Mhenonic(‘Z');

addMenul t em(j MenuZoom “CQut”);
addMenul t em(j MenuZoom “Restore”);
get JIMenuBar () . add(j MenuZoon) ;

/'l save x-axis and y-axis Wndow attributes on this stack.
[/l they are used to zoom out one |evel.
stack = new Stack();

/1 listen for nouse press events
panel = get Panel ();
panel . addMbuselLi st ener (t hi s);

}

/**
* Add a menu item
*/
private void addMenul ten(JMenu j MenuZoom String title) {
JMenultem j Menultem = new JMenultem(title);
j Menul tem set Acti onCommand(title);
j Menul t em set Mhenoni c(title.charAt(0));
j MenuZoom add(j Menul ten);
j Menul t em addActi onLi stener(this);
}

/**

* A npuse press starts the zoom
* Record location of this point and listen for drag (notion) events.
*/
public void nmousePressed(MuseEvent event) {
xFirst = xLast = event.get X();
yFirst = ylLast = event.getY();
panel . addMouseMbt i onLi st ener (t hi s);
}

/**

* A nouse rel ease ends the zoom

* Stop listening for drag events and update the

*  Wndow attribute in the x and y axes.

*/

public void nouseRel eased( MouseEvent event) {
panel . renoveMouseMot i onLi st ener (this);

/1 ignore degenerate zoomns
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if (xFirst==xLast || yFirst==ylLast) {
repaint();
return;

}

/1 get wi ndow and convert to user coordinates
doubl e wi ndowX[] = (doubl e[])axis.get AxisX().get W ndow();
doubl e wi ndowY[] = (doubl e[])axis.get AxisY().get W ndow);
/'l save the wi ndows on the stack (for zoom out option)

st ack. add(w ndowX) ;

st ack. add(w ndowy) ;

/1 get user coordinate of |eft-upper corner of the box
[/ limt it to stay inside current w ndow

doubl e boxLU] = new doubl e[ 2];

int x = Math. mi n(xFirst, xLast);

int y = Math.mn(yFirst, ylLast);

axi s. mapDevi ceToUser (x, y, boxLU);

/'l get user coordinate of right-Iower corner of the box
[/ limt it to stay inside current w ndow

doubl e boxRL[] = new doubl e[ 2] ;

x = Mat h. max(xFirst, xLast);

y = Mat h. max(yFirst, ylast);

axi s. mapDevi ceToUser (x, y, boxRL);

/'l set axis window to range of rubber-band box
/1 and di sabl e autoscale to force use of w ndow settings
axi s. set Aut oscal el nput (Chart Node. AUTOSCALE_OFF) ;

doubl e xa = Mat h. max(wi ndowX[ 0], boxLU[ 0]);
doubl e xb = Mat h. mi n(wi ndowX[ 1], boxRL[0]);
doubl e ya = Mat h. max(wi ndowY[ 0], boxRL[1]);
doubl e yb = Mat h. mi n(wi ndowY[ 1], boxLU[ 1]);

axi s. get Axi sX().set Wndow( xa, xb);
axi s. get Axi sY().set Wndow(ya, yb);

/1l force redraw of the chart
repaint();

* A drag event continues the zoom
* FErase the old rubber-band box and draw a new one.
* Aso keep track of the location of this event.

public void nmouseDr agged( MouseEvent event) {
I/ erase previous rectangle
Graphics g = panel . get Graphics();
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g. set XORMode( Col or.cyan); [/ conpl enent of draw ng color red
dr awBox( Q) ;

/1 draw new rectangl e
xLast = event.getX();

yLast = event.getY();

g. set Pai nt Mbde();

g. set Col or(Col or.red);
dr awBox( Q) ;

}

public void mouseMoved(MuseEvent event) {}
publ i c void nouseEnt er ed( MouseEvent event) {}
public void noused i cked(MuseEvent event) {}
public void nmouseExited(MuseEvent event) {}

/**
* Draw a box with (xFirst,yFirst) and (xLast,ylLast) as its corners.
*/
private void drawBox(G aphics g) {
int x Mat h. mi n(xFi rst, xLast);
int y Mat h. mi n(yFi rst, ylast);
int w= Mth. abs(xLast - xFirst);
int h = Math. abs(yLast - yFirst);
g.drawRect (x, vy, w, h);

*  Handl e nenu item events.
*  Command “Qut” zoons out one |evel.
*  Command “Restore” undoes all zoons.

public void actionPerfornmed(Acti onEvent actionEvent) {
String command = actionEvent. get Acti onConmand() ;
i f (comand. equal s(“Qut”)) {
try {
/1 zoom out by restoring wi ndow settings fromthe stack
axi s. get Axi sY().set Wndow( (doubl e[])stack. pop());
axi s. get Axi sX().set Wndow( (doubl e[])stack. pop());
} catch (java.util.EnptyStackException e) {
/'l no nore levels to zoom out
/1 restore original setting by turning on autoscal e
axi s. set Aut oscal el nput ( Char t Node. AUTOSCALE_DATA) ;
}
} else if (conmand. equal s(“Restore”)) {
/'l restore original setting by turning on autoscale an enpty stack
axi s. set Aut oscal el nput ( Chart Node. AUTOSCALE_DATA) ;
stack.enmpty();
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/1l force redraw of the chart
repaint () ;

}

public static void main(String argv[]) {
new Sanpl eZoon(). set Vi si bl e(true);
}
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Printing

Printing from JFrameChart

The JFrameChart class, used to build most of the examplesin this manual, includes
aprint option under the file menu. This option prints the chart as large as possibl e,
without distortion, and centered on the page.

Printable Interface

The Java Printable interface is used to print a single page from Java. It isimple-
mented by the class Chart. The following code fragment shows how to print achart
using its Printable interface and PrinterJob.

public void print() {
PrinterJob printJob = PrinterJob.getPrinterJob();
printJob. setPrintabl e(chart);
if (printJob.printDialog()) {

try {
printJob. print();

} catch (Exception ex) {
ex. printStackTrace();

}

}

ThePri nt er Job. pri nt D al og() method displays a dialog box that may
contain a“Property Sheet.” Thisproperty sheet is supplied by the hardware printer
driver, not by Java. User changesto property sheet values are not reflected back to
Java. Specifically, while aproperty sheet may allow the user to select landscape or
portrait mode, these settings are not reflected back to the PrinterJob object. The
correct way to set the orientation is by using the

PrinterJob. pageDi al og( PageFor mat ) method. For more details see
bug report 4311283 on Sun's Java site.

Pageable

The Java Pageable interface is used to print a complex document from Java. The
method Chart . pai nt Chart ( Graphi cs) can be used to implement a Page-
able interface. The following method is the implementation of the Printable
interface in Chart. It uses the method Chart . pai nt Chart ( Gr aphi cs).
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Note that the chart is drawn to fit the Component associated with the chart. The
get Scr eenSi ze method returns the size of this component. The following
method scales the drawing to compensate for the difference in size between the
screen and the paper.

public int print(G aphics graphics, PageFornat pageFornmat, int param
throws PrinterException {
if (param >= 1) return Printabl e. NO SUCH PAGE,

[/l translate, so we do not clip on the |eft
graphi cs. transl at e( (i nt) pageFormat. get| mageabl eX(), ;
(i nt) pageFormat . get | mageabl eY());

I/l scale to fill the page

doubl e dw = pageFor mat . get | rageabl eW dt h() ;
doubl e dh = pageFor mat . get | mageabl eHei ght () ;
Di mensi on screenSi ze = get ScreenSize();
doubl e xScale = dw / screenSize. w dth;

doubl e yScale = dh / screenSize. hei ght;
doubl e scal e = Mat h. mi n(xScal e, yScal e);

I/l center the chart on the page
double tx = 0.0;
doubl e ty = 0.0;
if (xScale > scale) {

tx = 0.5*(xScal e-scal e) *screenSi ze. wi dt h;
} else {

ty = 0.5*(yScal e-scal e) *screenSi ze. hei ght;
}
((Graphics2D)graphics).translate(tx, ty);
((Graphi cs2D) gr aphi cs) . scal e(scal e, scale);

Di mensi on bounds = new Di mensi on( (i nt)dw, (i nt)dh);
pai nt (new Draw gr aphi cs, bounds));
return Printabl e. PAGE EXI STS;
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Serialization

i mport
i mport
i mport
i mport

The chart tree can be serialized into a stream of bytes and recreated from that
stream.

Serializationisused for lightweight persistence and for communication viasockets
or Remote Method Invocation (RMI). See Sun's Java Web site (http://
java.sun.com/j2se/1.3/docs/guide/serialization/) for more details about serializa-
tionin general.

Serialization of IMSL classes may not be compatible with future IMSL rel eases.
The current serialization support is appropriate for short term storage or RM|
between applications running the same version of IMSL.

To serialize achart tree, create an ObjectOutputStream and then useitswr i t eOb-
j ect method to write out the Chart object. The chart tree can be reconstructed
from the stream by creating a ObjectlnputStream and using itsr eadCbj ect
method to read the Chart object.

The chart tree cannot be serialized if it contains any non-serializable objects, such
as attribute values. All of the IM SL chart nodes are serializable. Image objects are
not serializable, but Imagel con objects are seriadizable. Standard Java Paint
objects, such as TexturePaint objects, are not serializable. But the Paint objects
generated by the IMSL class FillPaint are serializable.

Example

When the following code is executed without any arguments, it creates achart and
serializesittothefilesanpl e. dat . When it is executed with the single argument
-read, it reads the file sanpl e. dat and recreates the tree.

cominsl.chart.*;
java.io.*;

java.awt . *;

j avax. swi ng. | magel con;

public class Sanpl eSerialization extends JFraneChart {

private void createChart() {

Chart chart = getChart();

Axi sXY axis = new AxisXY(chart);

chart. get Background(). setFill| Type(Chart Node. Fl LL_TYPE_PAI NT) ;

Pai nt paint = Fill Paint.checkerboard(24, Color.yellow, Color.orange);
chart. get Background(). setFil | Pai nt(paint);

double y[] = {4, 6, 2, 1, 8};
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Data data = new Data(axis, Yy);
dat a. set Dat aType( Dat a. DATA_TYPE_LI NE) ;
dat a. set Li neCol or (“bl ue”);

}

static private java.awt.|nmage | oadl mage(String name) {
return new | magel con(Dat a. cl ass. get Resour ce(hane) ). get | mage();

}

private void witeChart() throws | OException {
Fi | eQut put Stream fos = new Fil eQut put St ream(“sanpl e. dat”);
Ohj ect Qut put Stream oos = new Obj ect Qut put Strean(f os);
oos.writeCbject(getChart());
oos. flush();
fos.close();

private Chart readChart() throws | OException, ClassNotFoundException {
Filelnput Streamfis = new Fil el nput Stream(“sanple.dat”);
Ooj ectl nput Stream oi s = new Obj ectl nput Strean(fis);
Chart chart = (Chart)ois.readObject();
fis.close();
return chart;

}

public static void main(String argv[]) throws Exception {

if (argv.length == 0) {
Sanpl eSeri al i zation sanple = new Sanpl eSeri alization();
sanpl e. createChart ();
sanple.witeChart();
System exit(0);

} else if (argv[O].equal s(“-read”)) {
Sanpl eSeri al i zation sanple = new Sanpl eSeri alization();
Chart chart = sanple.readChart();
sanpl e. set Chart (chart);
sanpl e. set Visi bl e(true);

} else {
Systemout. println(“usage: java Sanpl eSerialization [-read]”);

}
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Appendix A: Web Server Application

A JMSL chart can be returned as an image from aWeb server using aservlet. The
mechanism depends on the version of the Java runtime library being used.

With JDK 1.4 or later, images are rendered using the standard Java class
javax.imageio.lmagel O. This class can be used on a headless server—that is, a
server running without graphical interfaces. While most desktop Unix systemsrun
the X Windows System, Unix servers are often run without it. Javarunsin ahead-
less mode if the system property j ava. awt . headl ess issettotr ue.

With JDK 1.3 or earlier, the Imagel O class cannot be used because it does not exist
inolder versions of Java. I nstead the Java Advanced Imaging (JAI) Toolkit is used.
JAI is not included with IMSL. It is a standard Java extension that can be down-
loaded, for free, from Sun's JAI download site. Also, it requires that a windowing
system must be running. With Microsoft Windows thisis not usually a problem. A
headless server cannot be used; on Unix, X Windows, or its equivalent, must be
running.

Overview—Web Servlets

Java Server Pages (JSP) and servlets are the standard mechanism for adding Java
functionality to Web servers.

Adding chartsto aWeb pageiscomplicated by thefact that in responseto arequest
aWeb server can return either atext HTML page or a bitmap image. The response
to theinitial request isan HTML page that contains an image tag. When the
browser parsesthe HTML page and finds theimage tag, it makes a second request
tothe Web server. The Web server then returnsthe bitmap imagein responseto this
second request.

The IMSL classes JspBean and ChartServlet are used to coordinate this process.
During the first request, one or more JM SL chart trees are constructed and stored
in the HttpSession object, obtained from the HttpServletRequest object, using the
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method JspBean. r egi st er Chart . Themethod Jsp. get | nageTag is
used to construct an HTM L image tag with an identifier for the chart in the session
object. Thisimage tag refers to the servlet ChartServlet. The second browser
request is therefore directed to the ChartServlet, which uses the identifier to
retrieve the chart from the session object. The Java Advanced Imaging library is
used by the servlet to render the chart as aPNG image, which isreturned to the
browser.

Theuse of the session object to hold thechart requiresthat the user’s browser allow
cookies, used to track sessions across requests.

Generating a Chart with a JSP

e

PO OWO~NOOURAWDNLER

This example consists of a JSP working with abean (pi eChar t ) that contains a
JspBean. The HTML image tag isthe value of the i mageTag property from pi e-
Chart . Thefollowing is the JSP.

<%@page content Type="text/htm "%

<j sp: useBean i d="pi eChart" scope="page" cl ass="Sanpl eChartBean"/>
<htm >

<head><title>Pie Chart</title></head>

<body>

<h1l>Pi e Chart</hl>

<j sp:setProperty name="pieChart" property="*"/>

<% pi eChart.createChart(request); %

<j sp: getProperty nanme="pieChart" property="i mageTag"/>
</ body>

</ htnm >

Intheabove JSP, line 1 flagsthat an HTML pageis being generated. Line 2 creates
the object pi eChart , which is an instance of SampleChartBean. This object has
page scope, so it is discarded after the page has been generated. Line 7 sets
attributes in pi eChart using parametersin the request. Attributes are set in pie-
Chart using its setter methods, following the usual pattern for Java beans. Line 8
calsthecr eat eChart method to create the chart tree and storeit in the session.
ThisisJavacodeenclosed inthe special delimiters. Line 9insertsthe HTML image
tag obtained by calling pi eChart. get | mageTag() .

The class SampleChartBean uses a JspBean. It creates a pie chart and registersit
with the session obtained from the request. The get | nageTag() method returns
an HTML tag which refers to the ChartServlet servlet that returns the chart image
to the browser.
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i mport cominsl.chart.*;
i mport java.aw . Col or;

public class Sanpl eChartBean {
private JspBean bean;

publ i ¢ Sanpl eChartBean() {
bean = new JspBean();
bean. set Si ze( 300, 300);

}

public void createChart(javax.servlet.http. HtpServl et Request request) {
Chart chart = new Chart();
bean. regi ster Chart(chart, request);

doubl e y[] = {35., 20., 30., 40.};

Pie pie = new Pie(chart, vy);

pi e. set Label Type(pi e. LABEL_TYPE_TI TLE) ;
pi e.setFillQutlineCol or(Color. bl ue);

PieSlice[] slice = pie.getPieSlice();

slice[0].setFill Col or(Color.red);
slice[0].setTitle(“Red”);

slice[1].setFill Col or(Col or. bl ue);
slice[1l].setTitle(“Blue”);
slice[1].setFillQutlineCol or(Col or.yell ow);

slice[2].setFill Col or(Col or. bl ack);
slice[2].setTitle("“Black”);
slice[2]. setExpl ode(0. 3);

slice[3].setFillColor(Color.yellow;
slice[3].setTitle(“Yellow);

public String getlnmgeTag() {
return bean.getl mageTag();
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Generating Charts with Client-side Imagemaps

Client-side image maps allow regions of an imageto belinkedto aURL. Clicking
on such aregion behaves the same as clicking on ahypertext link. This can be used
to create a degree of interactivity. Target regions are created for chart nodes that
have the HREF attribute defined.

In this example the sample pie chart as above is generated, but now when the user
clickson adlice the selected diceis exploded out. Now pi eChart isaninstance
of Sanpl el mageBean. The JSP getsthe pi eChar t 's imageMap property to cre-
ate amap tag inthe HTML code.

<%@page content Type="text/htm "%

<j sp: useBean i d="pi eChart” scope="page” class="Sanpl el nagenapBean” />

<htm >

<head><title>Pie Chart |magemap</title></head>

<body>

<h1l>Pi e Chart | magemap</hl>

<j sp:setProperty name="pieChart” property="*"/>

<% pi eChart.createChart (request); %

<j sp: get Property nanme="pieChart” property="i mageMap”/>

<j sp: get Property nanme="pieChart” property="i mageTag”/>

</ body>

</htm >

The codefor Sanpl el magemapBean issimilar to the code for the previous
Sanpl eChar t Bean, but with the HREF attribute defined in each slice. The refer-
ence isback to Sanpl el nagenapJ SP, but with the explode parameter defined.
The second change is the addition of a setter method for explode. The line

<j sp:setProperty name="pieChart" property="*"/>

in the JSP file sets properties in the pieChart from parameters in the request. If
explode is defined in the HTTP request, then the JSP calls this setter method.

i mport cominsl.chart.*;

i mport java. awt. Col or;

public class Sanpl el magenapBean extends JspBean ({
private JspBean bean
private int expl ode;

public Sanpl el magemapBean() {
bean = new JspBean();
bean. set Si ze( 300, 300) ;
bean. set Cr eat el mageMap(true);
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public void createChart(javax.servlet.http. HtpServl et Re-
guest request) {
Chart chart = new Chart();

double y[] = {35., 20., 30., 40.};

Pie pie = new Pie(chart, y);

pi e. set Label Type(pi e. LABEL_TYPE_TI TLE)
pie.setFillQutlineCol or(Col or. bl ue);

PieSlice slice[] = pie.getPieSlice();

slice[0].setFill Col or(Col or.red);
slice[0].setTitle(“Red");

slice[1].setFill Col or(Col or. bl ue);
slice[l].setTitle(“Blue”);
slice[1l].setFillQutlineCol or(Col or.yellow);

slice[2].setFill Col or(Col or. bl ack);
slice[2].setTitle(“Black”);

slice[3].setFill Col or(Color.yellow;
slice[3].setTitle(“Yellow);

for (int k =0; k <slice.length; k++) {

slice[Kk]. set HREF(“ Sanpl el magemapJSP. j sp?expl ode=" +k) ;
}

try {
sl i ce[ expl ode] . set Expl ode(0. 3);

} catch (Exception e) {
/1 ignore out of range val ues for expl ode

}

bean. regi sterChart(chart, request);

public void set Expl ode(int expl ode) {
this. expl ode = expl ode;

}
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public String getlmgeTag() {
return bean. getl nageTag();

}

public String getlmgeMap() {
return bean. get| nageMap();

}
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Servlet Deployment

A Web server that supports Java servlets will generally have a directory of Web
applications, one per directory. In each Web application subdirectory there can be
aWEB-INF directory containing the Java classes. Thisdirectory contains the sub-
directory classes, containing individual classfiles, and the subdirectory lib,
containing JARfiles. For the above example, thefile structure would be asfollows:

webapps/
appl i cati on_nane/
Sanpl eChart JSP. j sp
Sanpl el magemapJSP. j sp
V\EB- | NF/
web. xni
cl asses/
Sanpl eChar t Bean. cl ass
Sanpl el magenmapBean. cl ass
l'ib/
jmsl.jar
jai_core.jar
j ai _codec.j ar

Thefilej nsl . j ar containsthe IMSL classes. Thefilesj ai _core.jar and
j ai _codec. j ar containthe JAI classes.
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Appendix B: Writing a Chart as a
Bitmap Image File

A JMSL chart can be saved as an image file in two ways: either using the Java
I magel Oclass or the Java Advanced Imaging (JAI) API.

Using the ImagelO Class

Thel magel Oclass was added to Javain JDK1.4. The JAl, descibed in the next
section, can be used with older versions of Java.

The chart tree is constructed in the usual manner. Here amethod called
creat eChart isused to create asimple chart, with the null-argument Chart
constructor.

The bitmap is generated by creating a Bufferedlmage object and painting the chart
into the buffered image using the graphics object from the buffered image. The
buffered image is written to afile using the | magel O. wri t e method.

This method of creating bitmaps does not require that a windowing system be run-
ning. The argument -0j ava. awt . headl esss=t rue can be used withthe java
command from JDK 1.4, or later, to run Javain a"headless' mode.

i mport cominsl.chart.*;
i mport java.aw .i mage. Buf f er edl mage;
i mport java.io.File;

public class Sanpl el magel O {
public static void main(String argv[]) throws java.io.| OException {
Chart chart = createChart();
chart.set ScreenSi ze(new j ava. awm . Di nensi on( 500, 500)) ;

Buf f er edl mrage bi = new Buf f er edl mage( 500, 500,
Buf f er edl mage. TYPE_4BYTE_ABGR_PRE) ;
chart. pai nt Chart(bi.createG aphics());
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File file = new Fil e("Sanpl el magel O. png") ;
javax.inmageio.l magel O wite(bi, "PNG', file);

static Chart createChart() {
Chart chart new Chart();
Axi sXY axis new Axi sXY(chart);

int npoints = 20;
double dx = .5 * Math. Pl /(npoints-1);

doubl e x[] = new doubl e[ npoi nt s];
doubl e y[] = new doubl e[ npoi nt s];
Il Cenerate some data
for (int i =0; i < npoints; i++){
x[i] =i * dx;
y[i] = Math.sin(x[i]);

}
new Data(axis, X, Yy);
return chart;

Using the Java Advanced Imaging API

A IMSL chart can be saved as an imagefile by generating a java.awt.Image object
and then rendering the image using the Java Advanced Imaging (JAI) API. The
example below shows the steps needed.

JAI is not included with IMSL Numerical Library. It is a standard Java extension
that can be downloaded, for free, from Sun’s JA| download site.

Thefirst step isto create ajava.awt.Frame object. A Frame object is required
because the implementation of the drawing codeis based on the code used to write
to the screen. Because a Frame object isrequired, a windowing system must be run-
ning on the system. The size of the frame, here 500 by 500, determines the size of
the bitmap image.

The chart tree is then constructed in the usual manner. Here a method called
creat eChart isusedto create asimple chart, with the Frame object passed to the
Chart constructor.

An Image object is created using the pai nt | mage method in Chart.
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Thecr eat e methodinj avax. nmedi a. j ai . JAI can now be used to generate the
file. Thefirst call (with AWIl mage) isused to generate aJAI object from the AWT
Image object. The second call (withfi | est or e) actualy writesthefile. In this
casewewriteaPNG format filecaled Sanpl eJai . png. JAI canbeusedtogen-
erate image filesin other formats, but PNG is usually the best for charts.

Thelast step isto exit explicitly. The program does not automatically exit because

of the existence of a user thread, implicitly created to handle the frame.
i mport cominsl.chart.*;
i mport java.aw.*;
i mport javax.nedia.jai.*;

public class Sanpledai {
public static void main(String argv[]) {
Frane frame = new Frame();
frame. show();
frame. set Si ze(500, 500);
frame. set Vi si bl e(fal se);
Chart chart = createChart(franme);

| mage i mage = frane. createl mage(500, 500);

chart . pai nt Chart (i mage. get Graphics());

RenderedOp im = JAl. create(“AWMI mage”, image);

JAl .create(“filestore”, im “Sanpledai.png”, “PNG');
System exit (0);

static Chart createChart(Conponent conponent) {
Chart chart = new Chart(conponent);
Axi sXY axis = new AxisXY(chart);

int npoints = 20;

double dx = .5 * Math. Pl /(npoints-1);
doubl e x[] new doubl e[ npoi nt s];
doubl e y[] new doubl e[ npoi nt s];

/1l Generate sone data

for (int i =0; i < npoints; i++){
x[i] i * dx;
yli] Math.sin(x[i]);

}
new Data(axis, X, Yy);
return chart;
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Using the Scalable Vector Graphics (SVG) API
Scalable Vector Graphics (SVG) isan XML vocabulary for vector graphics.

JMSL’s SV G support is based on the Apache Batik toolkit. Batik is not included
with IMSL Numerical Library. It can be downloaded, for free, from the Apache
Batik site. Thebat i k. j ar file needsto be added to the CLASSPATH.

Oncebati k. j ar isinstalled, aJM SL chart can be saved as an SV G file by using
the Chart . wri t eSVG method.

SVG can aso be create from a JFr ameChar t window. Its File | SaveAs menu
allows the chart to be saved as either a PNG image or asan SV G file. The PNG
option isactive only if J2SE 1.4 or later isbeing used, or if the JAI classesarein
the CLASSPATH. The SVG option isactiveonly if bat i k. j ar isinthe
CLASSPATH.

The following example generates SV G output:

NOTE: The output encoding format is set to UTF-8. Thisis done because SVG
renders do not support al encodings. The UTF-8 isthe most general encoding.

i mport cominsl.chart.*;
i mport java.io.*;
i mport java.aw.*;

public class Sanpl eSVG {
public static void main(String argv[]) throws java.io.| OException {
Frane frame = new Frame();
frame. show();
frame. set Si ze(500, 500);
frame. set Vi si bl e(fal se);
Chart chart = createChart(frane);

Qut put Stream os = new Fi | eQut put St r ean( “ Sanpl eSVG. svg”);
Witer witer = new Qutput StreanWiter(os, “UTF-8");
chart.witeSV@witer, true);

System exit (0);

static Chart createChart(Conponent conponent) {
Chart chart = new Chart(conponent);
Axi sXY axis = new AxisXY(chart);

int npoints = 20;
double dx = .5 * Math. Pl /(npoints-1);
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doubl e x[] = new doubl e[ npoi nt s];
doubl e y[] = new doubl e[ npoi nt s];
Il Cenerate some data
for (int i =0; i < npoints; i++){
x[i] =i * dx;
y[i] = Math.sin(x[i]);
}

new Data(axis, X, Yy);
return chart;
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Appendix C: Picture-in-Picture

The picture-in-picture effect can be obtained by using the Viewport attribute. This
sets the fraction of the screen into which the chart is to be drawn. The Viewport
attribute’svalueisadoubl e[ 4] containing {xmin, xmax, ymin, ymax}, on a[0,1]
by [0,1] grid with (0,0) at the top-l€ft.
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This chart tree for the above picture consists of a chart with an AxisXY child and
aPie child. (The Pie classis a subclass of Axis.) The viewport attribute of the Pie
node is set to a non-default value.

i mport cominsl.chart.*;
i mport java. awt. Col or;

public class Sanpl ePnP extends JFrameChart ({

public Sampl ePnP() ({
Chart chart = getChart();
creat eLi neChart (chart);
creat ePi eChart(chart);

}

private void createlLineChart(Chart chart) {
Axi sXY axis = new AxisXY(chart);

i nt npoi nts 20;
double dx = 0.5 * Math. Pl/(npoints-1);

doubl e x[] = new doubl e[ npoi nts];
doubl e y[] = new doubl e[ npoi nts];
for (int i =0; i < npoints; i++){
x[i] =1 * dx;
y[i] = Math.sin(x[i]);
}

new Data(axis, X, V);

}

private void createPieChart(Chart chart) {
double y[] = {10., 20., 30., 40.};
Pie pie = new Pie(chart, y);
pi e. set Label Type(pi e. LABEL_TYPE_TI TLE)
pi e.setViewport(0.5 0.9, 0.3, 0.8);

PieSlice[] slice = pie.getPieSlice();
slice[0].setTitle(“Red");
slice[0].setFill Col or(Col or.red);
slice[0].set Expl ode(.2);

slice[l].setTitle(“Blue”);
slice[1].setFill Col or(Col or. bl ue);
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slice[2].setTitle(“Black”);
slice[2].setFill Col or(Col or. bl ack);

slice[3].setTitle(“Geen”);
slice[3].setFill Col or(Col or.green);
}

public static void main(String argv[]) {
new Sanpl ePnP(). setVisible(true);
}
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